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November 30, 2021

Parsons Transportation Group
600 University Street, Suite 700
Seattle, WA 98101

Attn:  Mr. Paul Dickman
P: (602) 284-3609
E: paul.dickman@parsons.com

RE: Retaining Wall 6.50L
[-405 Renton to Bellevue Widening and Express Toll Lanes Project
[-405 MP 0.0 to 14.6
King County, WA
WSDOT Contract No. 9242
Terracon Project No. 81215044

Dear Mr. Dickman:

Terracon Consultants, Inc. (Terracon) is pleased to present this Geotechnical Design Memorandum
for Wall 6.50L as part of the above referenced project. This report presents our analyses and
recommendations for design and construction of the soil nail and special barrier walls.

The information evaluated for this report includes data presented in the Request for Proposal (RFP)
Documents, prior exploration and geotechnical work completed by Wood Environment and
Infrastructure Solutions, Inc (Wood). This report was prepared in accordance with the requirements
of RFP Section 2.6.5.3 of the project Technical Requirements. Geotechnical design was performed
in accordance with the project Mandatory Standards identified in Section 2.6.2 of the project
Technical Requirements current version at the time of award.

We appreciate the opportunity to be of service to Parsons and the Flatiron-Lane Joint Venture.
Please let us know if you have any questions regarding this design information.

Sincerely,

Digitally signed by Palmerson, Peter J
Palmerson, Peter DN: cn=Palmerson, Peter J, ou=Legal
Hold Users,
J email=Peter.Palmerson@terracon.com
Date: 2021.12,01 12:13:13 -08'00"

Yashar Yasrobi, P.E.
Project Engineer

Pete Palmerson, P.E.
Geotechnical Department Manager

Terracon Consultants, Inc. 21905 64th Ave. W., Ste. 100 Mountlake Terrace, WA 98043
P [425] 771-3304 F [425] 771-3549  terracon.com
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WALL 6.50L - GEOTECHNICAL DESIGN MEMO
[-405 Renton to Bellevue Design-Build

Renton to Bellevue, Washington
WSDOT Contract No. 9242
Terracon Project No. 81215044
November 30, 2021

1.0 DESCRIPTION

This Geotechnical Design Memorandum provides recommendations regarding the design and
construction of Retaining Wall 6.50L. This report is based on our present knowledge of the
proposed construction, the retaining wall plans as provided in Appendix A, coordination with other
design disciplines and contractor’s representatives on the project team.

2.0 PLANNED CONSTRUCTION

The retaining wall plan and profile that form the basis of our design are shown in Appendix A:
Retaining Wall Plans. As currently proposed, Wall 6.50L is a combination special design barrier
and soil nail wall. The wall is located along on the west side of southbound [-405 to accommodate
road widening at the NE 30™ Street Overcrossing. Description of the wall characteristics are
provided below in Table 1.

TABLE 1 - WALL TYPE/DESCRIPTION

Retaining Wall ID 6.50L
Type Special Barrier/Soil Nail Wall

Begin Soil Nail Wall SB405 STA 5646+03.79 (33.33' LT)- Wall STA 0+82.00

End Soil Nail Wall SB405 STA 5647+69.58 (33.80' LT)-Wall STA 2+50.00
Soil Nail Wall Height (ft) 3.6t07.3
Soil Nail Wall Length (ft) 165
Special Design Barrier North and South ends of soil nail wall, limits shown on roadway plans
Spe:tl\:/llglxl?_|eesi|§§;;hnt Ii%f;a)rrler Up 3.5

Existing Borings H-2-79, H-2-81, W-80-20

3.0 PROJECT GEOLOGY AND SOIL CONDITIONS

Upon review of the boring logs, the subsurface stragitgraphy was broken out into Engineering
Stratigraphic (or Soil) Units (ESUs). ESUs are grouped together based on geologic origin,
engineering soil properties and anticipated behavior with respect to the proposed improvments.
For project consistency, we have continued the geologic unit descriptions and their identification
as specific ESU as previously characterized by Wood, Hart Crowser and GeoEngineers. The
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ESUs encountered at the subject site, along with a brief discussion of their descriptions used for
the project geology are provided in Table 4. Engineering properties of the ESUs encountered are
discussed in Section 5.

3.1 Site Soil Conditions

Subsurface exploration data was provided in the Washington State Department of
Transportation’s (WSDOT's) Geotechnical Data Report (GDR). An additional exploration was
advanced by Wood. The boring locations are shown on the plan view in Appendix A. A subsurface
profile are presented Section 2 of the attached calculations. Copies of the boring logs are provided
in Appendix B: Historic Borings. Table 2 summarizes the borings we considered for design of
retaining wall 6.50L.

TABLE 2 -BORING SUMMARY

Boring Date Boring Depth Ground . Groundvyater

Number Combleted (i) Surface Elevation Elevation
P : (ft. MSL)* (ft. MSL)

W-80-20 6/4/2020 20.6 219.6 Dry

H-2-79 12/18/1979 47.9 224 192

H-2-81 3/7/1981 20 211.3 205.3

Notes:

1. Ground surface elevations are rounded to the nearest 0.1 feet

3.2 Groundwater Conditions

Groundwater was noted in two of the borings below the proposed improvements. The occurrence
and elevation of groundwater is expected to be variable and to fluctuate seasonally due to
variations in the amount of precipitation, evaporation, and surface water run-off. Our analyses
used a groundwater elevation of 209 feet.

4.0 GEOLOGIC HAZARDS

4.1  Seismic Site Class and Design Parameters

Seismic design parameters for Wall 6.50L are based on the general procedure, as outlined in
AASHTO LRFD Bridge Design Specifications (AASHTO) Section 3.10.2.1, are provided in Table
3 below. The parameters are based on a design seismic event with a seven percent probability
of being exceeded in 75 years using the USGS National Hazard Maps (2014). The site coefficients
have been modified in accordance with Section 4.2.3.1 of the BDM.

The weighted average Standard Penetration Test (SPT) blow count (blows per foot) for the
borings, extrapolated to a depth of 100 feet of the soil profiles was used to determine the site
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class in accordance with the LRFD Bridge Design Specifications (AASHTO 2017). The results of
the analyses indicate the site should be classified as Site Class D.

TABLE 3 - SEISMIC DESIGN PARAMETERS

Parameter Value
Site Class D
Peak Ground Acceleration (PGA) 0.425¢g
FPGA 1.175
Site-Adjusted Peak Ground Acceleration (AS) 0.50
Mean Magnitude Earthquake (Mw) 7

The peak horizontal ground acceleration (PGA) for the Site Class B/C boundary recommended in
Table 3 does not include amplification or damping due to the site soils. In order to assess seismic
earth pressures and inertial effects on the wall, the PGA for Class B rock needs to be adjusted
for the site soil conditions. We have used the site coefficients in the BDM to calculate an effective
peak ground acceleration coefficient (As) of 0.50 to be used for liquefaction analyses. For seismic
design of the walls as wells as the pseudostatic analy

4.2  Liquefaction

Liquefaction is a phenomenon in which saturated cohesionless soils are subject to a temporary
but essentially total loss of shear strength under the reversing, cyclic shear stresses associated
with earthquake shaking.

Based on the depth to groundwater, the presence of cohesive soils and very dense glacial till at
depth below the wall profile, we anticipate the liquefaction hazard to be low.

5.0 DESIGN SOIL PROPERTIES

5.1 Engineering Stratigraphic Units

Table 4 summarizes encountered geologic units and the assigned ESU used to develop
recommendations for the retaining wall. As noted above, in the interest of maintaining consistency
with previous work completed on the project we have adopted ESU units and descriptions used
by Wood and adopted by Hart Crowser.

TABLE 4 — ESU DESCRIPTION

Geologic Units Assigned ESU ESU Description
Fill 1B Fill- Silty Sand and Gravel, medium dense to dense
Recessional Outwash 3B Medium dense to very dense Sand
Lacustrine Deposits 3E Stiff to very stiff-Silt/Clay
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TABLE 4 — ESU DESCRIPTION

Geologic Units Assigned ESU ESU Description
Glacial Till 4C Dense to very dense Silty Sand and Gravel

A subsurface profile showing the relation ship of the wall to the ESU is shown in Appendix C.
5.2 ESU Design Soil Properties

Table 5 presents the ESU soil properties, which were used in calculations for the soil nail and
special barrier walls. Detailed calculations and procedures for determination of soil properties are
provided in the attached calculations package. It is important to note the the entire wall face and
the bulk of the overburden consists of ESU 3B.

TABLE 5 — DESIGN SOIL PROPERTIES

Moist DRAINED CONDITION UNDRAINED CONDITION
Unit Friction L
ESU Weight Angle Cohesion (PSF) F”géog?ezz;‘“e Su' (PSF)
(PCF) (degrees)
1B 125 35 50 35 200
3B 125 36 0 36 0
3E 120 32 50 0 1500
4C 135 40 200 40 200
Wall profile lies entirely within ESU 3B

6.0 GEOTECHNICAL ANALYSIS AND DESIGN RECOMMENDATIONS

6.1 Standard Barrier Design Parameters

A special design barrier retaining up to 42 inches of soil is proposed beyond the soil nail limits for
the north and south sections of wall. Table 6 below provides design parameters for the barrier
based on the ESU 3B native soil which will be both the retained and foundation soil. Terracon has
performed the global stability analyses and the structural engineer will perform the bearing, sliding
and overturning analyses based on the values shown below

TABLE 6 — DESIGN PROPERTIES FOR SPECIAL BARRIER SECTION OF 6.50L

Retained/Bearing Soil (ESU 3B) VALUE

Moist Unit Weight (PCF) 125

Friction Angle (DEG) 36

Active Earth Pressure Coefficient!, Ka (DIM) 0.35

M-O Earth Pressure Coefficient?, Kae (DIM) 0.79
Passive Earth Pressure Coefficient®, Kp (DIM)2 6.0
Sliding Coefficient* (DIM) 0.58

Minimum Embedment (FT) 1.0

Nominal Bearing Resistance® (KSF) 11

Service Limit State Bearing Resistance® 7 & (KSF) 13
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Retained/Bearing Soil (ESU 3B) VALUE

1) Active EP for 2:1 backslope using Coulomb’s method where 8=2/3¢

2) Based on Y2 As=0.25.

3) Passive EP for level toeslope using Coulomb’s method where §=1/3¢

4) Sliding coefficient based on Eqn 10.6.3.4-2 in the AASHTO LRFD Bridge Design Specifications (assuming
precast barrier)

5) Nominal bearing resistance must be factored by a resisitance factor of 0.45 for the Strength Limit State.

6) Resistance factor for the Service Limit State is 1.0.

7) Based on l-inch of allowable settlement using Hough's method.

8) Based on 2.3 foot wide footing.

6.2  Soil Nail Wall Analyses

Critical wall cross sections were selected for analysis using engineering judgment by taking into
consideration existing soil conditions, wall geometry and surcharge loading. These critical
sections were analyzed for internal stability, compound stability, and global stability. Five design
sections were analyzed.

The analyses were performed using SnailPlus (DeepExcavation, LLC. 2021) using an ultimate
pullout value of 20 psi (4.5 KIPS/FT) assuming a 6-inch diameter nail hole.

The soil nail analysis was performed using allowable stress design (ASD) with the following
factors of safety:

= Temporary: Pullout FS = 2, Bar yield FS = 1.8, Soil Shear Strength Minimum FS = 1.35
® Permanent Static: Pullout FS = 2, Bar yield FS = 1.8, Soil Shear Strength Minimum FS =

1.5
® Permanent Seismic: Pullout FS = 1.5, Bar yield FS = 1.35, Soil Shear Strength Minimum
FS=1.1

The soil nail analysis was completed with the following surcharge loads:
m Traffic = 250 psf uniform (outside the bridge footing)
m 2:1 Backslope (outside the bridge footing)

= NE 30" Street Bridge Pier 1 Foundation: 4.36 KSF uniform soil pressure acting over a 9
foot by 65 foot spread footing with the closest footing edge a horizontal distance of
approximately 5 feet behind the wall face for the static case.

= NE 30" Street Bridge Pier 1 Foundation: 7.93 KSF uniform soil pressure acting over a 9
foot by 65 foot spread footing with the closest footing edge a horizontal distance of
approximately 5 feet behind the wall face for the seismic case.
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6.3 Soil Nail Wall Recommendations

Based on the results of our analyses, we recommend the follow nail selection and pattern as
outlined in Tables 7, 8 and 9. The top nail must be at least 2 feet below the ground surface behind

the wall.

TABLE 7 — SOIL NAIL DESIGN STA 0+82 to 1+39

Minimum Nail Horizontal STATIC SEISMIC
Leg_lgth Sl {7Ir) Nail Head Load at Face Nail Head Load at Face
(FT) (KIPS) (KIPS)
12 5 10.4 13.5
1. Single row of nails in this section are #6, 75 KSI
TABLE 8 — SOIL NAIL DESIGN STA 1+39 to 2+05
Minimum Nail Horizontal STATIC SEISMIC
Leggth Spacing (FT) Nail Head Load at Face Nail Head Load at Face
(FT) (KIPS) (KIPS)
20 4 25 26.2
1. Two rows of nails, rectangular pattern in this section are #10, 75 KSI
2. Use nonstructural filler under bridge footing (unbonded zone)
3. Double corrosion protection required
TABLE 9 — SOIL NAIL DESIGN STA 2+05 to 2+50
Minimum Nail Horizontal STATIC SEISMIC
Length Spacing (FT) Nail Head Load at Face Nail Head Load at Face
(FT) (KIPS) (KIPS)
12 5 10.2 12.9
1. Single row of nails in this section are #6, 75 KSI

Soil corrosivity in the nail zone is considered non-aggressive. Therefore, epoxy coated Grade 75
bar is specified for the entire wall. The WSDOT GDM requires that soil nail walls that are within
the influence zone of spread footings be designed with double corrosion protection.

The soil nail length, reinforcement, and nail spacing presented in the tables above are the layouts
required to achieve the minimum factors of safety required for the design.

6.4 Global Stability

All wall sections were found to have an adequate factor of safety for global stability. Slide version
2 (Rocscience 2021) was used to model global stability with Spencer’s and Bishop’s method. In
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the static case (Service | Limit State) surfaces were set to non-circular path search, with surface
optimization selected.

Slide model output is presented in the following table. The GDM requires minimum factors of
safety for global and compound stability of 1.3 in the static case, and 1.1 under seismic loading.

TABLE 10 - FACTORS OF SAFETY FOR GLOBAL STABILITY

Station Static Factor of Safety Pseudo-Static Factor of Safety
1+39.5 1.5 1.1

1+54 1.6 1.1

2+05 1.5 1.1

2+07 1.6 1.1

2+50 1.7 1.1

7.0 CONSTRUCTION CONSIDERATIONS

Pre-fabricated drainage mat should be placed against the soil face in vertical strips between every
column of nails prior to placing each lift of shotcrete. Strips should be overlapped between each
lift to provide a continuous drainage path. During construction the wall drains discharge onto the
subgrade in front of the wall. Once the wall is completed, the base of the drains should be directed
to discharge through weep holes until the permanent drainage system is installed in front of the
wall.

Proof tests have been called out and shall be performed on a number of test nails that is shown
on the attached plans. Proof test nails shall not be production nails but shall be located within the
production nail pattern and shall be evenly distributed across the face of the wall. We do not
recommend performing nail testing under the bridge footing.

At least 1 successful verification test should be performed in the ESU 3B soil unit into which soil
nails are to be installed prior to the installation of production nails. Proof and verification tests on
soil nails shall be conducted in accordance with WSDOT Standard Specifications Section 6-
15.3(8)A and B.

Section 15-3.4.2.1 of GDM requires the construction of a test pit to evaluate standup time at the
excavation face. We recommend the contractor construct one test pit near the location of the
verification test. The test pit will need to remain open for at least 24 hours The test pit should be
a minimum of 10 feet deep and 15 feet long. Test pit should be constructed outside of the nail
zone.

We recommend that temporary casing be used for nails constructed under the bridge footing and
be backfilled with nonstructural filler such as Grout Type 4 for Mulitpurpose Applications as shown
in the Standard Specificaitons 9-20.3(4).
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8.0 GEOTECHNICAL INSTRUMENTATION PLAN

The following bullet points identified in Section 2.6.7.5 requiring geotechnical instrumentation are
either not currently proposed under the current work plan or not applicable to the project at the
retaining wallscovered in this report:

= Sensitive facilities (none identified in RFP)

= Temporary Shoring (hone currently proposed)

= Dewatering operations (none currently proposed)

= Staged embankment construction (not currently proposed)

= Ground structure vibrations during shaft casing or pile driving (no piles or casing currently
proposed)

= Vibrations for freshly placed concrete (all concrete currently proposed as precast)

Should unanticipated conditions be encountered, or unanticipated construction means and
methods be used that require additional geotechnical instrumentation, we will issue an addendum
to this plan.

The soil nail retaining wall is planned to be constructed in front of the existing Pier 1 footing for
the 30" Avenue Overcrossing. We recommend that wall facing be surveyed at approximate 50-
foot intervals for vertical and horizontal monitoring purposes for the wall. In addition we
recommend that the Pier 1 footing be surveyed at the north and south ends for monitoring of
vertical and horizontal movement that may result as the proposed wall construction.

Survey information should be forwarded to the GER at regular intervals during construction of the
walls.

8.1 Alert and Action Levels

This GIP establishes limits of horizontal and vertical movements for alert and action levels for
which additional consideration will be given to the construction of the soil nail retaining wall.

Alert Level Soil Nail Wall: Vertical movement of %2 inch. Horizontal movement of 1 inch.
Action Level Soil Nail Wall: Vertical movement of 1 inch. Horizontal movement of 3 inches.
Alert Level Pier 1 Footing: Vertical and horizontal movement of %2 inch.

Action Level Pier 1 Footing: Vertical and horizontal movement of % inch.

At the point observed movement magnitudes reach the indicate values above the EOR, design
team, and design-builder will be confer to incorporate the corrective action plan outlined below.
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8.2 Corrective Action Plan

The corrective action plan items below shall be implemented in accordance with Sections 2.6.7.1
and 2.6.7.5.1 and will include the following steps:
Identification of the work areas where the action level has been reached
Notify the EOR that action levels have been reached and corrective action is
necessary
u Provide a revised work plan in consultation with the design team and design-
builder
Provide a revised work plan to the WSDOT Engineer for Review and Comment
Work in areas where action levels were reached will be halted until the revised
work plan has been accepted by the WSDOT EOR
u Identify circumstances where the corrective actions were needed and revise the
retaining wall design and/or incorporate revised construction procedures to keep
observed settlements below the action level
u Notify the WSDOT EOR immediately when the observed movement meets or
exceeds the allowable settlement and in writing within 24 hours

9.0 GEOTECHNICAL SPECIAL INSPECTION PLAN

The project technical requirements require continuous construction inspection of soil nall
installation and testing by a Geotechnical Special Inspector (GSI) or QA Inspection (QAI)
Technician operating under the direction and review of the Geotechnical Engineer of Record. The
construction inspection shall be reviewed by the Geotechnical Engineer-of-Record, or their
representative, to confirm that subsurface conditions match design assumptions, facing
installation conforms to the required reinforcement and shotcrete placement, and soil nail proof
and verification tests meet the specified performance criteria.

The following shall be observed, verified, and documented by a GSI or a QAI:

* Types and locations of soil/rock units encountered during construction;

» Groundwater conditions during drilling; the types of equipment used to drill;

» The drilling methods used, methods to remove cuttings from the hole, spoil volumes,
rates of advancement and daily production rates;

* Hole stability during construction and the use of casings;

 Cleanliness of the drill hole;

* Types, lengths, and dimensions of bars or tendons;

* Volumes and locations of control density fill (CDF), concrete, and grout placed; and

» Caving or heave during construction.

The GSI or a QAI shall verify and document compliance of grout types used, mix designs, and
batching/mixing equipment; and monitor and record grout pressures and volumes. The report

Responsive m Resourceful m Reliable Page 9



Wall 6.50L Geotechnical Desigh Memorandum - Final 1rEl'l'aCDn

[-405 Renton to Bellevue Widening and Express Toll Lanes m Renton to Bellevue, WA
November 30, 2021 = WSDOT Contract No. 9242 = Terracon Project No. 81205144

may be prepared by the GSI or a representative of QA. The GSI shall review the information on
a daily basis and the document shall be certified as complete and accurate.

The following field tests shall be performed under the direction of a GSI or a QAI:

» Allverification, performance, and proof tests of soil nails (all types) and ground anchors
(all types) per article 6-15.3(8) Soil Nail Testing and Acceptance, of the WSDOT (2016)
Standard Specification.

» All results of verification, performance and proof tests of soil nails shall be provided to
the EOR for review. The EOR will determine final acceptance of each soil nail.

Observance of planned test pit. The purpose of the planned test pit is to evaluate the material
properties of the material behind the soil nail wall and to evaluate the stand-up time of the cut
when left open. The test pit will be left open for 24 hours in accordance with GDM Section
15.3.4.2.1 Soil Nail Walls. The excavation of the test pit and condition of the cut walls shall be
observed by the GSI or representative of the GER.

10.0 USE OF THIS REPORT

This geotechnical report has been prepared to support the design of Retaining Wall 6.50L. The
analyses and recommendations presented in this report are based on the data obtained from the
borings performed at the indicated locations and from other information discussed in this report.
This report does not reflect variations that may occur between borings, across the site, or due to
the modifying effects of construction or weather. The nature and extent of such variations may
not become evident until construction. If variations appear, we should be immediately notified so
that further evaluation and supplemental recommendations can be provided.

This report has been prepared for the exclusive use of Parsons, Flatlron-Lane JV, and WSDOT
and has been prepared in accordance with generally accepted geotechnical engineering
practices. No warranties, either express or implied, are intended or made. In the event that
changes in the nature, design, or location of the project as outlined in this report are planned, the
conclusions and recommendations contained in this report shall not be considered valid unless
Terracon reviews the changes and either verifies or modifies the conclusions of this report in
writing.
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1 [ = - . E—— _
CEMENT CONCRETE [ —r //ﬁ ’,—* e GCfTMTiIET ggg%‘;@r’i
GUTTER, SEE W16-4 | ol - - ;
| e v 1 j’,f P - SEE DRAINAGE PLANS -
NI + = = ROADWAY CONC. BARRIER AT FRONT END WALL 6.50L
7777 BEGIN WALL 6.50L ) _ STA 2+50.00 FOE
F’—/:;;;ob 2 e H ggzlangB ..... ! ,: e FACE K\/EEEE SOIL NAIL WALL P/KES/ENT 25405 578 Se4r 058 (55,2017
= J'( |-~ - [/~ —=="CIF RETAINING BARRIER PER W16-8
- - _ /- Y N A
g - BEYOND SOIL NAIL WALL WHERE SOIL
’’’’’ 7 - 1S RETAINED. TYF BOTH ENDS OF WALL
E H= ARttt S T = EXIST ABUTMENT ~ e
VARIES 577 &T?/w@@ g) ! | FOOTING TYP. _ =" UNDERDRAIN
e . —= ’tc PSS LA
- ——— ! , = Ut
FRONT FACE OF TSt b= = — ut cut
WALL (WORK LINE) R Al T ——ST— —ugr—— E—— uT —__
—5B8.90316~ = === — - T o e e - | ] - —— - ———
\'}Vzgo?gg“ PN S FOINT OF CURYE CHANGE. ——— 9% — Upr
i = O B e e il | STA 2415484 — =~ o er—
: | —-5B405 STA 5647+37.053 -
r  sT— — ST — — ST — — ST — ~—=8T — — ST — —(§T — — ST — — ST — — ST — — e e T e Ho--T7 3 (35.33)1) PROPOSED STORM FPIPE
- ol T ST = s — PER DRAINAGE DRAWINGS
// ;
| E—— ] H-4i53¢}j\ —ST— g
‘ L-6233
5646+00.00 N [ XISTING STORM PIFE
XISTING N_BOTH ‘
i) S| PRIDGE 5647 +00.00 ;
- i
SB |-405 5645+ 00,00
SB405 [ INE
H-2-81
z L-7974/C-1976 H-1-81
S L-7974/C-1976
PLAN - WALL 6.50L T A
250 W16-2; W16- 250
L 2o FINISHED GRADE AT FACE
L N EXIOTING N 20TH =T OF ABUTMENT AND LIMITS ]
) BRIDGE ABUTMENT
9| o OF CONCRETE SLOPE FINISHED A
—|Q TOP OF WALL e PROTECTION Bol Qr EXISTING GRADE S SN —
=N S| FALL PROTECTION FENCE TOP OF EXISTING ABUTMENT ORADE 3 o
240 |— ROADWAY CONC. 29 3| (SEE DRAWING W16-7) ABUTMENT FOOTING FOOTING OF WALL S S —1#
— BARRIER (SEE O st seape|l O ) + SOIL NAIL 42
— ROADWAY PLANS) O|< : . WALL CAF (SEE N o LOCATIONS, I[8 —
ref AT BACK A DRAWING W16-6) ELEV. > TYP + —
Q® | OF WALL 5 20305 < = g™ ROADWAY CONC.
= < BARRIER (SEE
230 CETAINING e T o9 fev. s ROADWAY, PLANS) 20
— BARRIER T L et A - o e o I o o i et & 22105 —
PER Wie-& : FRoor o RETAINING BARRIER
. I TEST NAIL 2 —
H— — = ”’2’0’”””””’2’@”’5’6’52 ””””””””” B = ‘ FER W16-8 —
V. i -
220 — Bl__®2 @3 B4 8BS W’ ””” St ms ey REs AL E T By s 848 g = — 220
—_— 2810 17 810le, &P 925 827 82931955 35 §37 839 4| g4’ gab 47 @49 ]
L ELEV. 217.67 B T oA 00 E
. ) VERIFICATION OTA. 1+54.00 STA. 1478.00 ELEY. 21279 E— _ |
VERIFICAT e STA 127501 WALL 6.50L ALIGNMENT
5B405 STA. 5645+88.79  STA. 1+06.00 /' BURRIED COMCAST RELOCATE EXISTING STORM 5B405 STA. 5651+8.11
— ELEV. 216.74  TELE LINE TO BE PRIOR TO NAIL INSTALLATION -2TA. 2+02.00 BOTTOM OF WALL ] COORDINATES
RELOCATED, SEE [STA. 1450.00 APPROX. STA 1+38.94 ELEV. 213.87 RELOCATE EXISTING STORM
UTILITY FPLANS ELEV. 215.86 APPROX. INV. ELEV 218.89 PRIOR TO NAIL INSTALLATION FINISHED GRADE ] STATION NORTHING EASTING
I | ‘ ‘ | APPROX. STA 2+13.96 AT WALL FACE ]
260 | | APPROX. INV. ELEV 215.5 200 0+00.00 191931.75 | 1303029.79
1+00 2+00 0+18.55 191950.30 | 1303029.47
NOTES ELEVATION WALL 6.50L 1+96.66 192130.36 | 1303032.75
- 2+35.07 192166.70 | 1303034.67
1. SEE W16-3 FOR SOIL NAIL SCHEDULE. 10. WALL LAYOUT STATIONING 1S PROVIDED AS OFFSET FROM SB I-405 LINE 5.07.70 10225202 | 1303059.59
L 2. WALL CONCRETE FACING SHALL BE 6" SIN WAVE SURFACE TEXTURE PER DRAWING W16-4. 1. SEE SHEETS AL-24, RS-32 & RS-8, PR-67, AND FV-24 FOR ROADWAY il : :
! 3. CONCRETE WALL FACING COLOR SHALL BE MT. ST. HELENS GRAY PIGMENTED SEALER ALIGNMENT, SECTION, PROFILE, PAVING, AND BARRIER, RESPECTIVELY. 4+00.06 192331.21 1303047.15
DATTM 4. AP DICATES WALL ANGLE POINT 12. SEE TRAFFIC CONTROL PLAN SEGMENT 1B SHEET MOT-24, STAGE 4,
POB H\D/CATES POINT OF BEGINNING PHASE 2 FOR WORK ZONE AND TRAFFIC STAGE.
. . . POE  INDICATES POINT OF END 13. SEE SHEETS TC-909 THRU TC-911 FOR |-405 SB SINGLE & DOUBLE RIGHT LANE WALL 6.50L CURVE DATA
N 0 10 20 5. ®  INDICATES SOIL NAIL LOCATION 5 CLOSURE AND RFP 2.22.4.31.2 FOR |-405 SOUTHBOUND ALLOWABLE MAINLINE o STATION | DELTA RADIUS | TANGENT |LENGTH
6. HHE INDICATES BLACK VINYL COATED CHAIN LINK FENCE PER DRAWING W16-7. (LANES)CLOSURE HOURS
(NAVD) 88 SCALE IN FEET 7. CONTRACTOR SHALL FIELD VERIFY LOCATION AND THICKNESS OF EXISTING BRIDGE FOOTING 14. SEE SHEETS DSP-24 & DR-24 FOR DRAINAGE SITE FREPRATION AND 1+08.65 |04°53'36" RT | 2545.00'| 90.10" | 180.13'
&. TOP OF WALL SEGMENTS ARE LEVEL. DRAINAGE PLAN, RESPECTIVELY. 2.7142 | 01038'24" RT| 2547.00'| 36.55' | 72.69'
9. INSTALL ALL SOIL NAILS AT 15° DECLINATION ANGLE. 15. SEE SHEET TS-24 FOR ITS AND TOLL PLAN.
FILE NAME c:\pw_working\wastate\parsons_p005295d\dms32767\XL5467_DE_W16-1.dgn A Washingt Stat
TIME 3:39:16 PM Resn T-swate [ FED.AID PROJ.NO. asninglon sState .
DATE 1112312021 NO. 0J " Department of Transportaﬂon |'405, RENTON TO BELLEVUE WIDENING PLAN REF NO
PLOTTED BY __ p005295D 10 |WASH K/ AND EXPRESS TOLL LANES PROJECT wie-1
SesioNED 5Y N.ALA FLATIRON LANE 77
ENTERED BY  M.ALEKSANYAN 546
CHECKED BY  E.KELLEY CONTRAGT NO. LOCATION Ko. RETAINING WALL FPLAN AND FPROFILE o
PROJ.ENGR. _J.LEFOTU C9242 e o PARSDNS WALL 6.50L sneers
REGIONAL ADM. L.HODGSON REVISION DATE BY P.E.STAMP BOX P.E. STAMP BOX
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H2-79 : - ~4980b WSDOT NE 30th Uxing

HWY Form 351-003 (H. F. 26.66) ~

(Revised 5-67|. L. . .. . . P
WASHINGTON ) ] . ‘Original to Materials Engineer

STATE HIGHWAY COMMISSION . o e District Eagineer
DEPARTMENT OF HIGHWAYS o Cary to -
LOG OF TEST BORING . -
__________ SH. . SR..805  section.. SR-169 0-xing to SR-90 0-xing Job No. __. L 6233
Hole No.....H=2. ... Sub Scction...N.E. 30th St. U-xing Replacement . - cont. Sec.....1744 -
; [ i
Station.__... 0+80 W SR © J i1 38 28 N’£ . Ground El 224
Type of Bonng Jet and Chop e Casing..... 30 12025 - 47.0' . WT. EL See bOttom 5h99t 3
-lnspccpor._..,._.-..._-._...sJamE.S..D.-...NL.a.ﬂ.C.e_._..‘.___.._,_..A____,.._-...- Date.....Dec. 18,1979 Sheet......l_ . of .3
DEPTH pLows PROFILE || et o ‘ . DESCRIPTION OF MA.TERI;\L | |
3 STD || Sod.
a 4. | PEN || Dark brown organic, sandy clayey SILT
B 5 -Loose, .brown, gravelly silty SAND.
8 Y1 - .
11k st ' E
27 13 |. PEN |- Dense, brown, silty, fine to medium grained SAND - moist.
o 14 ‘L : : : ' '
16 ¥ 2
5
| I8 | SID - — — _
“n : 121 PEN || Dense, 1ight brown, silty, fine to medium grained SAND - moist.
Y © 19 o : S
21 # 3
_10
23] STD - - - --
g1 3:13 PEN | Very dense, brown. siltv. fine to medium arained SAND - moist.
37 l' 4 | |
15
20 & STD '
na PEN || Dense., brown, silty,moist, fine to med1 um qramed SAND - piece
47 | E; of fine-gravel in top .of sample.
nn_de D ,
—' .
20



pjpalmerson
Typewriter
H-2-79


HWY Form 351-003-a [H. F. 26.66-A).
Revised 5-67.

- ~1980b WSDOT NE 30th Uxing

N.E. 30th St. U-xing Replacement . Sheet _2

Hole No... H-2 Sub- Scction of .3 -
DEPTH BLows PROFILE TL?E‘!\EMELOES. DESCRIPTION OF MATERIAL
4
T U-6 R B
Y No Recovery - Lost Ball Valve.
10 STD
26 o | 10 PEN Medium dense, brown moist, very s11ty f1ne SAND - w1th a trace
2 9. | - of medium to coarse sand. ' T
nyY7 _
_ B Y- U-8 Vehy stiff, light brown, fine sandy SILT - contains fine gravel.
cC ¥ : R EEE : :
Y s & sm
A 6 PEN | -
12 . e _ Stiff, light brown, fine sandy SILT - with th1n lenses of rust
. 6 7 brown silt, moist. ,
30 -
]
e }ﬂ * STD .|| Very hard, 1ight brown, moist,. fine séndy SILT- - contéins aravel
[*]) 7 PEN . ] - - ;
49
35 ‘
65 STD - o :
1ca 47 | PEN || Very dense. brown, moist. very silty. fine to coarse SAND -
104¥ 11 | with gravel (Glacial Til1).
40
58 STD ' ' ' '
Aca 1n,£ PEN || Very dense, light brown, s]1qht1y silty, f1ne to med1um grained
Lo VT2 SAND - moist.
45
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HWY Form 351-003-a (H. F. 26.66-A). S ' : ;
Revised 5-67. : N . ™1980b WSDOT NE :30th Uxing

. Hole No.... He2 . Sub- Scction . N.E. 30th St. U-xing Replacement - Sheet......3 of B
 pePmH F‘?EL,?“FV;“ PROFILE TORMARLE ! ' . DESCRIPTION OF MATERIAL
47 ' '
195 ] 95 ¢ STD. _ _ ' :
10" 100y PEN || very dense, brown, moist, very silty, fine to .coarse SAND -
: = 13 .

with gravel (G]aciql'Til1).

TEST BORING STOPPED AT -47.9' BELON GROUND ELEVATION.

WATER LEVEL READING. MADE WHILE PULLING CASING; -32.0".




H 2-81

I 26 65 (Rev H.AT)

4./ . 1{-.'

S.H. sRT
-

[ole No. 4 Su

lutions./f..q'a.—éﬂ_ .. 7

..........

‘ype of Boring
Jspeclor..-....._.._:__.rz:'...._. .

Section: L
[

b Section

& FT0

. .-1980b WSDOT NE 30th Uxing
} T

Original to Materinls Engineer
Copy to Bridge Engincer
Copy to District Engineer

WASHINGTON
STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS

LOG OF TEST BORING

Copy 10 . _ . | L L e

N A . " P 7
W o S STACCT Ul Job NooG T LD Tl
s e v Cont. Sec, oo .

Ground El. £ /7 = !

I4

WE EL.-:.F "
Sheet /

.. ... Offsct 7'5' ' <7

. .. Casing /—‘0 X _ LA48 7

ey pLows PROFILE ToAE DS, DESCRIPTION OF MATERIAL
. fooryng EL. 2059’
— :
{ Ja rbc, o. .
77 T2 ,
/b /’ & SAVO. GheY  FrHeSTI2TY a’a/r;';? .
' W /0
L 2Aed
r 5 SATctpTed -6.0° 7o ~/2. 4 7
-2 7 .
o |, R :
0 . 4.8 A, S/A.’ e SAAHdY , gCC. PLleCe OF F/H o
Y 7 k -
/0 4 grprel el  To =/0.85" Fhen prrys
b _ 22
g)
/.8 ltec.
_ r
S F lr
/2 b ety SondV -
- _Vf 7 ., — » |
4 (7 Fhe . oA LI 2 e L5 Ty A4S T
e _ NS _
7 |4 7| X I8 .
' %+ . -
v 2 SAND bt £ T E Tl AveI}V S/2TY
)9 MeC
T )7 DAL (2/9572) e rres 7od )
7 G [ 55
& s
i V72 .
: fr E. AL T PLil AT /0? < 5 4.0
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WSDOT GEOTECH DRILLING - 1405 WSDOT.GDT - 8/24/20 15:35 - C:\USERS\CHELSEA.FOSTER\DOCUMENTS\PROJECTWISE\WORKINGDIR\WSDOT\DMS08721\1405 WSDOT - SEG. 1.GPJ

4020 Lake Washington Blvd Suite 200 PAGE 1 OF 2
WOOQ. «irkian, wa 98033

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-80-20
CLIENT _WSDOT PROJECT LOCATION _Renton, WA
DATE STARTED _6/4/20 COMPLETED _6/4/20 GROUND ELEVATION _219.6 ft NAVD88 HOLE SIZE _8 inches
DRILLING CONTRACTOR _Gregory Drilling DRILL RIG _CME 55 ID: #310 SPT HAMMER EFFICIENCY _80%
DRILLING METHOD HSA STATION (FT) 5646+15.75 OFFSET (FT) 235L
LOGGED BY _Chris Lopez CHECKED BY _H. Brenniman NORTHING _192025.752 EASTING _1303039.126
NOTES GW LEVEL (ATD) _Dry
° w A SPT N VALUE A
z _lo > S 20 40 60 80
E_ETo =Y PL  MC LL TESTS
<>’: = & &5 SOIL & ROCK DESCRIPTION >C as H———A AND
o a % a 9 x = 20 40 60 80 REMARKS
w w S O] FINES CONTENT (%) O
0 20 40 60 80
Poorly graded SAND with silt, medium dense, yellowish brown, moist, : : : :
- [Fill] (SP) :
- % WP A
_ 6 e 7 JOTE OO RS SR
8 :
n 10
215
O L,
5 W sFz|e A MC = 6%
R A : : : :
_ Ut PPN P
i Becomes loose 78 SPT-3| A
_ 5 L0 i
6
R 4
0 Silty CLAY, loose, yellowish brown to brown, moist to wet, [Qur] (CL-ML) | | | & 7 i
0z S S— S
O e P M=z
i 3 oo LL=29
i 4 feeeeesd CRLTE Foeeene CRLTE Boeeene PL=24
: : : : Fines = 92%
_ s SITIEIE SUPRT SRR PP SO
Sandy SILT, denes, yallowish Eroan ToRL GG — e
205
15 TS R U N
100 g SRS @ A O MC = 14%
§ 14 Fines = 54%
_ P e PP S
§ Becomes very dense Harder drilling at
e ....... ....... ....... ...... 17.5 feet
200
20

(Continued Next Page)
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WSDOT GEOTECH DRILLING - 1405 WSDOT.GDT - 8/24/20 15:35 - C:\USERS\CHELSEA.FOSTER\DOCUMENTS\PROJECTWISE\WORKINGDIR\WSDOT\DMS08721\1405 WSDOT - SEG. 1.GPJ

4020 Lake Washington Blvd Suite 200 PAGE 2 OF 2
woo , Kirkland, WA 98033
PROJECT NAME _|-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-80-20
CLIENT WSDOT PROJECT LOCATION _Renton, WA
e w A SPTNVALUE A

& Lo > | Fx 20 40 60 80
E_ETo el oo PL  MC LL TESTS
<ELZO SOIL & ROCK DESCRIPTION S3| Ys —e— AND
o a % 3 8 x % = 20 40 60 80 REMARKS
w w Py O FINES CONTENT (%) O

20 20 40 60 89—

| | | Sandy SILT, dense, yellowish brown, moist, [Qvt] (ML) (continued) 57 832-6 : : : o/
Bottom of borehole at 20.6 feet. 50/1"
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! Tlerracon
PROJECT: 1-405 Renton to Bellevue Widening and ETL Page of
JOB NO. 81215044 Date November 2021  comp. By _YY CHECKED BY: _Pjp
AL A
Appendix C Report Section 1 and 2
Retaining Wall ID 6.50L
Type Special Barrier/Soil Nail Wall
Begin Soil Nail Wall SB405 STA 5646+03.79 (33.33’ LT)- Wall STA 0+82.00
End Soil Nail Wall SB405 STA 5647+69.58 (33.80’ LT)-Wall STA 2+50.00
Soil Nail Wall Height (ft) 3.6t07.3
Soil Nail Wall Length (ft) 165
Special Design Barrier North and South ends of soil nail wall, limits shown on roadway plans
Special Design Barrier
Max Height (ft Upi3.5
Existing Borings H-2-79, H-2-81, W-80-20
Appendix C Report Section 3
ESU assigned based on the following borings.
TABLE 2 -BORING SUMMARY
Boring Date Boring Depth Ground . Ground\{vater
Number Combleted (i) Surface Elevation Elevation
P ' (ft. MSL)* (ft. MSL)
W-80-20 6/4/2020 20.6 219.6 Dry
H-2-79 12/18/1979 47.9 224 192
H-2-81 3/7/1981 20 211.3 205.3

Notes:
1. Ground water assumed at EL=209 feet for design

Wall Profile with ESU on following page.

\. _J

Form 112—5-93




USERNAME DGNSPEC

SYSTEMTIME SYSTEMDATE

ESU- Note, Only ESU 3B used for Wall
ESU 1 and 3B as over burden

Desi gn

NE 30th ST OC

Wall 6.50L

‘5.' 2 /9

S0IL NAIL wWakL V6.00L
a

Ne——— = iﬁ_4_5‘
| ' | -6 3

< -84

H-2-81 L -7974

> ;> L-7974 7 C-1978

- l l l /ﬁﬁ/////

| i >

Z’// e e =i 3_54
//// = H-3-79 1 L-6233
- - -7974 / [ -6233

NORTH

0 50

APPROXIMATE DRAWING SCALE

Approximate Bridge
. |Footing Location

N=151
.............................................................................................................................. : N=16 R e Yo B S
: N=100
Only 3B used in analyses ESU CLASSIFICATION DESIGN SOIL PROPERTIES FOR ANALYSIS '
ESU GROUP . SOILMATERIAL : : : ' DRAINED CONDITION | UNDRAINED CONDITION |:
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" T T ONIT WEIGHT | CFRICTION | [ RRICTIONT T e
COLOR || ESU# DESCRIPTION : . DENSITY/CONSISTENCY PRIMARY CONSTITUENT " (pcf) ANGLE (deg) | Su'(psf) | ANGLE (deg) | Su (psf)
1B UNéONTROLLED FII.EL MEDIUM DéNSE TO DENSE .SAND AND GRA_.VEL : : 35 50 35 200
3B RECES‘SIONAL OUTWASH MEDIUM DENS‘E TO VERY DEN.SE : SAND : :
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 38 | LacustRINE ¢ | 0 sTFFTOVERYSTIFE ¢ | U sut/aayl
i 'GLACIALTILL ' DENSE TO'VERY DENSE SILTY SAND AND GRAVEL

'INo short term loading

ESU PROFILE
Wall 6.50L

SHEET X OF X

Tlerracon

conS|dered """"""
CONT SECT JoB HIGHWAY
c |s J HWY
DIST COUNTY SHEET NO.
DST CTY AA
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ESU-Note, Only ESU 3B used for Wall Design
ESU 1 and 3B as overburden
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NE 30th ST OC

pjpalmerson
Callout
Only 3B used in analyses

pjpalmerson
Callout
No short term loading considered


! Tlerracon
PROJECT: 1-405 Renton to Bellevue Widening and ETL Page of
JOB NO. 81215044 Date November 2021  comp. By _YY CHECKED BY: _Pjp
Ao v
Appendix C Report Section 4 Seismic Design
TABLE 3 - SEISMIC DESIGN PARAMETERS
Parameter Value
Site Class D
Peak Ground Acceleration (PGA) 0.425¢g
FPGA 1.175
Site-Adjusted Peak Ground Acceleration (AS) 0.50
Mean Magnitude Earthquake (Mw) 7

Determination of As

The site adjusted seismic acceleration, As, was determined in accordance with GDM Chapter 6 as shown in the
attached analysis. A site peak ground acceleration, PGA, of 0.433g and an earthquake magnitude of 7 were
developed for the wall location. Based on observed soil conditions a Site Class D was assigned and the
PGA adjusted per the following table:

No liquefaction assumed due to depth to groundwater and cohesive soils below wall.

Spectra output and Site Class calcs on following pages.

\. _J

Form 112—5-93
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BEToolbox
Spectra

Copyright © 2021, WSDOT, All Rights Reserved

Version 6.1.0 - Built on May 12 2021

10/28/2021
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WSDOT Bridge Design Manual
2014 Seismic Hazard Map, 7% probability of exceedance in 75 years

Site Coordinates (Latitude,Longitude): 5e+01° N, 1e+02° W
Site Soil Classification: Site Class D - Stiff Soil

Seismic hazard maps are for sites at the boundary of Site Classes B and C, which is VS = 2500 ft/s (760 m/s). Adjustments for

other Site Classes are made as needed.

Period| Sa

(sec) | (9)
0.0]0.433|PGA - Site Class B/C Boundary,

0.2]0.987| S - Site Class B/C Boundary
1.0]0.283| S, - Site Class B/C Boundary

Values of Site Coefficient, F for Peak Ground Acceleration

pga’
Site Class Mapped Peak Ground Acceleration Coefficient (PGA)
PGA< 0.10|PGA= 0.20|PGA= 0.30|PGA= 0.40|PGA= 0.50|PGA> 0.60
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 0.9 0.9 0.9 0.9 0.9
C 1.3 1.2 1.2 1.2 1.2 1.2
D 1.6 1.4 1.3 1.2 1.1 1.1
E 24 1.9 1.6 1.4 1.2 1.1

For Site Class D, Fpga =1.167

Values for Site Coefficient, F, for 0.2 sec Period Spectral Acceleration

Site Class|Mapped Spectral Acceleration Coefficient at Period 0.2 sec (S,)

$,<0.25 $,=0.50 | §.=0.75 | S.=1.00 | $.=1.25 $.>1.50
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 0.9 0.9 0.9 0.9 0.9
C 1.3 1.3 1.2 1.2 1.2 1.2
D 1.6 14 1.2 1.1 1.0 1.0
E 2.4 1.7 1.3 1.0 0.9 0.9

For Site Class D, Fa =1.105

Values of Site Coefficient, F,, for 1.0 sec Period Spectral Acceleration

Site Class|Mapped Spectral Acceleration Coefficient at Period 1.0 sec (S,)

5,<01 [ 8;=02 [ s=03[s;=04]s=05]s>06
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.8 0.8 0.8 0.8 0.8 0.8
C 15 15 15 15 15 14
D 2.4 2.2 2.0 1.9 1.8 1.7
E 4.2 3.3 2.8 2.4 2.2 2.0

For Site Class D, FV =2.033

As = Fogq PGA = (1.167)( 0.433) = 0.505g
Sps = F, S, = (1.105)( 0.987g) = 1.090g
Spq =F, S, = (2.033)( 0.283g) = 0.5769

T, = 0.2T, = (0.2)( 0.528) = 0.106 sec

T = Spy/Sps = (0.576)/( 1.090) = 0.528 sec

10/28/2021



Page 3 of 3

Partitions for Seismic Design Categories A, B, C, and D
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Project Name Renton To Bellevue

Project Number 81215044 I Ie rra con
Structure Number Wall 6.50

Boring H-2-79
Date 10/28/2021
Sample Number Sample Top Depth | Sample Bottom Depth Midpoint of Layer Layer Thickness, d; N1 N2 N3 Uncorrect N Value, N; di/N;
1 0 1.5 0.75 0.75 9 0.08
2 2 3.5 2.75 2 27 0.07
3 7 8.5 7.75 5 40 0.13
4 12 13.5 12.75 5 64 0.08
5 17 18.5 17.75 5 47 0.11
6 24 25.5 24.75 7 19 0.37
7 28 29.5 28.75 4 12 0.33
8 32.5 34 33.25 4.5 66 0.07
9 37 38.5 37.75 4.5 97 0.05
10 42.5 43.5 43 5.25 100 0.05
11 47 48 47.5 4.5 100 0.05
NOTE: Boring Extends to 48 ft bgs Sum Check Check Your Answer Average N 34
Site Class D
Table 3.10.3.1-1—Site Class Definitions
Site
Class Soil Type and Profile
A Hard rock with measured shear wave velocity, ¥, > 5,000 fi/s _
B Rock with 2,500 fijsec < ¥, < 5,000 fi/s Method B: N method
C Very dense soil and soil rock with 1,200 fi/sec < ¥, < 2,500 fi/s, The average N for the top 100 ft shall be determined as:
or with cither N > 50 blows/ft, or 5, > 2.0 ksf n
D Stiff soil with 600 ft/s < ¥, < 1,200 ft/s, or with cither 15 < N < 50 blows/ft, Zdi
or1.0< 5, <2.0ksf N:"—Lﬁd
E Soil profile with ¥, <600 fi/s or with either N < 15 blows/ft or 5, < 1.0 ksf, or any profile with more W‘L
than 10 ft of soft clay defined as soil with 27> 20, w > 40 percent and 5, < 0.5 ksf =17
F Soils requiring site-specific evaluations, such as: where:
Peats or highly organic clays (5> 10 ft of peat or highly organic clay where 7/ = thickness of soil) N; = Standard Penetration Test blow count of a layer (not to exceed 100 blows/ft in the above expression)
e Very high plasticity clays (H > 25 ft with P/ > 75) i
e Very thick soft/medium stiff clays (F/>120 ft)




Project Name

Renton To Bellevue

Tlerracon

Project Number 81215044
Structure Number Wall 6.50
Boring W-80-20
Date 10/28/2021
Sample Number Sample Top Depth | Sample Bottom Depth Midpoint of Layer Layer Thickness, d; N1 N2 N3 Uncorrect N Value, N; di/N;
1 2.5 4 3.25 3.25 18 0.18
2 5 6.5 5.75 2.5 21 0.12
3 7.5 9 8.25 2.5 10 0.25
4 10 11.5 10.75 2.5 7 0.36
5 15 16.5 15.75 5 32 0.16
6 20 20.5 20.25 4.5 93 0.05
NOTE: Boring Extends to 20.5 ft bgs Sum Check Check Your Answer Average N 18
Site Class D
Table 3.10.3.1-1—Site Class Definitions
Site
Class Soil Type and Profile
A Hard rock with measured shear wave velocity, v, > 5,000 ft/s _
B | Rock with 2,500 ftfscc < ¥, < 5,000 it/s Method B: N:method
o Very dense soil and soil rock with 1,200 ft/sec < ¥, < 2,500 fi/s, The average N for the top 100 ft shall be determined as:
or with either N > 50 blows/ft, or 5, > 2.0 ksf N
D Stiff soil with 600 fi/s < ¥, < 1,200 fi/s, or with either 15 < N <50 blows/ft, Zdi
or1.0< 5, <20ksf N:"—i_fd
E Soil profile with ¥, <600 fi/s or with either N < 15 blows/ft or 5, < 1.0 ksf, or any profile with more jr‘L
than 10 ft of soft clay defined as soil with 27> 20, w > 40 percent and 5, < 0.5 ksf =
F Soils requiring site-specific evaluations, such as: where:
s Peats or highly organic clays (H > 10 ft of peat or highly organic clay where / = thickness of soil) N, = Standard Penetration Test blow count of a layer (not to exceed 100 blows/ft in the above cxpression)
e Very high plasticity clays (J > 25 ft with P/ > 75) ke
e Very thick soft/medium stiff clays (/7>120 i)




Project Name

Renton To Bellevue

Tlerracon

Project Number 81215044
Structure Number Wall 6.50
Boring H-2-81
Date 10/28/2021
Sample Number Sample Top Depth | Sample Bottom Depth Midpoint of Layer Layer Thickness, d; N1 N2 N3 Uncorrect N Value, N; di/N;
1 5 6.5 5.75 5.75 16 0.36
2 8 9.5 8.75 3 16 0.19
3 10 11.5 10.75 2 10 0.20
4 13 14.5 13.75 3 12 0.25
5 15 16.5 15.75 2 57 0.04
6 18 19.5 18.75 3 78 0.04
NOTE: Boring Extends to 19.5 ft bgs Sum Check Check Your Answer Average N 18
Site Class D
Table 3.10.3.1-1—Site Class Definitions
Site
Class Soil Type and Profile
A Hard rock with measured shear wave velocity, ¥, > 5,000 ft/s _
B Rock with 2,500 fi/sec < v, < 5,000 fi/s Method B: N method
C Very dense soil and soil rock with 1,200 fifsec < ¥, < 2,500 fi/s, The average N for the top 100 fi shall be determined as:
or with either N > 50 blowsAt, or 5, > 2.0 ksf "
D Stiff soil with 600 ft/s < ¥, < 1,200 ft/s, or with cither 15 < N <50 blows/ft, de
or1.0< 5, <2.0ksf N:jfid_
E Soil profile with T, < 600 ft/s or with either N < 15 blows/ft or 5, < 1.0 ksf, or any profile with more £ }—v‘L
than 10 ft of soft clay defined as soil with P7> 20, w> 40 percent and 5, < 0.5 ksf =l
F Soils requiring site-specific evaluations, such as: where:
«  Peats or highly organic clays (H> 10 ft of peat or highly organic clay where // = thickncss of soil) | ay Standard Penetration Test blow count of a layer (not to exceed 100 blows/ft in the above expression)
e Very high plasticity clays (H > 25 ft with PI> 75) 3
e Very thick soft/medium stiff clays (;>120 ft)
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Appendix C Report Section 5 Design Soil Properties

Subsurface soil profiles for the wall alignment as well as several cross sections were developed for
analysis of the planned soil nail wall. Soil parameters for design were established using correlations
from SPT methodology outlined in the project Geotechnical Soil Properties Methodology (GSPM)
contract document. Developed ESU cross sections are included in this calculations package as well as
recommended soil properties for design.

ESU Groupings:

ESU Group 1 — Fill materials, either new fill engineered fills or existing fills observed

ESU Group 3 — Recent deposits not containing organics such as alluvium, recessional outwash, or
lacustrine deposits

Soil Parameter Development

Applicable boring explorations near the wall location have been reviewed in accordance with the
methods explained in the GSPM. USCS soil type of GW, GP, GM, GC, SW, SP, SM, SC and ML soils
with little to no plasticity have been assigned internal friction angles according to the figure below and
assigned within the range according to their soil type and guidance provided in the WSDOT GDM
Section 5.8.3 and by Wood in the table of ESU reviewed by Terracon.

Friction angle based Bowles middle range as shown of the following sheets.

DESIGN SOIL PROPERTIES
Moist DRAINED CONDITION UNDRAINED CONDITION

Unit Friction .
ESU . . Friction Angle
Weight Angl h PSF
ig ngle Cohesion (PSF) (degrees)

(PCF) (degrees)
1B 125 35 50 35 200
3B 125 36 0 36 0

3E 120 32 50 0 1500

4C 135 40 200 40 200
Wall profile lies entirely within ESU 3B

su' (PSF)

Form 112—5-93



W-80-20 H-2-81 ] i
. o H-2-79 Approx Hi ghest Top of Wall Elevation
225 225
A >
220 220 220 A - ESU 3B ¢=36 degrees
[ .
A .
215
215 215
[ .
- = 9 - _ s ? Appr ox Lowest Bottom of Wall Elevation
€ go % 210
10 g s
> > ©
[} [} >
w [ | L 2 o ﬁ
A . A .
205
205 205
A .
] X3
A 3
200 A *
200 200
= * A *
A A .
195 -
195 - 25 30 35 40 45
195 - 25 30 35 40 45
25 30 35 40 45 50
Calculated Friction Angle Calculated Friction Angle Calculated Friction Angle
=Bowles Lower Bound  + Bowles Upper Bound ABowles Lower Bound ¢ Bowles Upper Bound A Bowles Lower Bound ¢ Bowles Upper Bound JOB# 81205044 STATE ROUTE | 405 MILEPOST(S) XX-XX
FIGURE 1. ELEVATION VS. ESTIMATED
FRICTION ANGLE FOR
NOTES:
1. Blowcounts used for ¢ value estimation were corrected for hammer energy and overburden pressure. RTB
2. Bowles correlation between ¢ and Nlg, ., GDM (2017) was used to estimate drained friction angle of granular material.
. , . - . . . WALL 7.46L
3. Terzaghi was used to estimate drained friction angle for fine grained soils,
; ([
5, erracon Seattle, WA
PREPARED BY MAK DATE Nov 2021

C:\Users\pjpalmerson\OneDrive - Terracon Consultants Inc\Desktop\650 Revisions\[Soil Parameters Estimation Template_REV2.xIsx]Elevation vs Phi
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Global & Compound Stability:

We assumed the following:

of As per GDM 15-4.10:
kn=0.5*As =0.5*0.5g =0.259

FACTORS OF SAFETY FOR GLOBAL STABILITY

Appendix C Report Section Analyses and Recommendations

The software Slide2 by Rocscience. was used for these analyses. Minimum factor of safety is 1.3

(resistance factor of 0.75) in the static case and 1.1 in the seismic (pseudo-static) case per Chapter 15 of the
WSDOT GDM and Appendix G updates.

1 Live Load traffic surcharge was taken to be 250 psf for static conditions

1 For pseudostatic analysis the horizontal seismic acceleration coefficient is assumed to be 50 percent

Results are summarized below. Slide2 output prints are attached.

Station Static Factor of Safety Pseudo-Static Factor of Safety
1+39.5 1.5 1.1
1+54 1.6 1.1
2+05 1.5 1.1
2+07 1.6 1.1
SOIL NAIL DESIGN STA 0+82 to 1+39
Minimum Nail Horizontal STATIC SEISMIC
Le'r:1$th Spacing (FT) Nail Head Load at Face Nail Head Load at Face
(FT) (KIPS) (KIPS)
12 5 21 21
1. Single row of nails in this section are #6, 75 KSI

.

Form 112—5-93
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A _A

SOIL NAIL DESIGN STA 1+39 to 2+05

Minimum Nail Horizontal STATIC SEISMIC
Length Spacing (FT) Nail Head Load at Face Nail Head Load at Face
(FT) (KIPS) (KIPS)
20 4 45 45

1. Two rows of nails, rectangular patter in this section are #10, 75 KSI
2. Use nonstructural filler under bridge footing (unbonded zone)
3. Double corrosion protection required

SOIL NAIL DESIGN STA 2+05to 2+50

Minimum Nail Horizontal STATIC SEISMIC
Length Spacing (FT) Nail Head Load at Face Nail Head Load at Face
(FT) (KIPS) (KIPS)
12 5 17 17
1. Single row of nails in this section are #6, 75 KSI

. J

Form 112—5-93
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— OutOf- | roite | Plate Shear Bond
Support Force Plane . : .| Compression Material Force
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Support Force OI;JI:r?: e e ey Compression ek Material Force
Color | Type L X Capacity | Capacity | Capacity . Strength . .
Name Application Sp(afil)ng (Ibs) (Ibs) (Ibs) Capacity (Ibs) (Ibs/ft) Dependent | Orientation
I Soil Active Parallel to
soil Nail | [ Nail | vethodny| % 33000 | 80000 0 0 2300 No | peinforcemant
Material Name Color UnltW:tlg)h il Strength Type Co(f:)isfl)on (‘5:&)
ESU 18 - Uncontrolled Fill | [_] 125 Cl’;’:ﬁ;‘;b 50 35
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Project: Renton to Bell - Wall 6.50L
Project: Renlon to Bellevue - W2 Tlerracon

Terracon Project No.: 81215044

Date: October 2021 Check for sliding load fromfooting on back of wall
T yStrengthimaz *=4-36 ksf Fhstrengthiman =84 kip
T yStrengthimin *=3-47 ksf Frstrengthimin =84 kip
TuServicer =373 ksf Fiservicer =54 kip
TvBatremer = 1-93 ksf Frpetremer =300 kip
B:=9 ft footing width
L:=65 ft footing length
¢pp:=36 ° internal friction angle of drained soil

VStrengthIma:c ‘=0 yStrengthImax ® B-.L=2550.6 k’l,p
VStrengthImin ‘= OyStrengthImin ® B-L=2029.95 k’l,p
total vertical forces
VServiceI ‘=0 yServicel * B-L=2182.05 k’l,p
VEmtremeI ‘=0 yExtremel * B-L=4639.05 k’l,p
C:=1.0 AASHTO EQ 10.6.3.4-2

R strengtn1 = C'+ Vstrengthimaz * tan (¢y) = 1853.12 kip Nominal sliding resistance - Strength I

R putremer'=C'* Vpgtremer tan (¢7) =3370.47 kip  Nominal sliding resistance - Extreme I
©,:=0.8 Gepi=0.5 AASHTO Table 10.5.5.2.2-1

R,,=0 kip Per AASHTO 11.6.3.5, passive
soil pressure shall be neglected

RRStrengthI =Pre RTStrengthI + Pep* Rep =1482.5 k’l,p
Sliding Resistance

RRE:ctremeI =Pre RTEmtremeI + Pep* Rep =2696.37 k’l,p

RRS trengthl > F hStrengthImax and RRE:ctremeI > F hExtremel

No passive wedge on the soil nail wall


pjpalmerson
Typewriter
Check for sliding load from footing on back of wall


SnailPlus 2021: Report Output

Copyright@2009 - 2020 Deep Excavation LLC: www.deepexcavation.com A
program for the evaluation of soil nail walls. Deep Excavation LL.C, Astoria,
New York, www.deepexcavation.com

Project: Renton To Bellevue

DEEPEACANAI IV 22

Company: Terracon

Prepared by engineer: YY

File number: 1

Time: 10/29/2021 10:57:26 AM

THIS PROGRAM IS PROTECTED BY U.S. COPYRIGHT LAWS AS DESCRIBED IN THE EULA. UNAUTHORIZED
COPYING IS PROHIBITED. LICENSED TO: Deep Excavation LLC BY DEEP EXCAVATION LLC UNDER SPECIFIC
LICENCE. This report has printed because the user has accepted responsibility as described in the disclaimer and EULA
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Quick analysis summary for design section: STA 1+39.5 Static

STA 1+39.5 Static

!

ESU 1B
yt=125 pcf

c=50 psf
'=35 deg
Qult= 20psi

ESU 3B
yt=125 pcf
&'=36 deg
Qult= 20psi

ESU 3E

223 ft

211 ft

3/49

Morgenstern-Price, FSsuggested.min = 1.5
Circular surface x=2ft, y= 239ft, R= 23.555ft
(Left exit pt: -20.778ft, 233ft)
(Right exit pt: 11.667ft, 217.52ft)

Rhead= 2.08 kIf

1<

Y

yt= 125 pcf

ESU 4C
yt=135 pcf
¢= 400 psf
&'=40 deg
Qult= 20psi

Wall 6.50

206.5 ft

i<

=+

Stage

Calculation

FS

Fmax.Nails

Fmax.Nails

Fmax.Mob

STR Check

STR Check

STR Chec]

Max.

Min.

Section

Status

Slope

(k)

Head (k)

(k)

Nails

Plates

Facing

Reinf.

Reinf.

Stage 0

Calculated

1.66

13.09

10.41

10.49

0.714

0.167

0.066

Yes

Yes

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).

STR Facing= Stress check for facing, Design load/Design Capacity.




Table: Analysis summary for all stages, Part 1

4/49

Stage Analyzed FS min FS req. code Type Xc (ft) Zc (ft) R (ft) Active (deg) [Passive (deg)
Stage 0 Yes 1.66 1.5 Circle 2 239 23.555 N/A N/A
Table: Analysis summary for all stages, Part 2
Point 1 Point 2 Crack (ft) |Design Appro| Design Case |Nail force (k)| Nail check [Support Mre|Wall Mres(k- [MEQ seismic(
N/A N/A N/A Service Facto 18.33 0.714 N/A N/A N/A
Table: Basic analysis assumptions last stage
Stage conditions Permanent structure long term
Min required FS 1.5
Method Morgenstern-Price
Nail methods Available shear
Surface search Circular
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial FSO 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0
Soil nail analysis Same settings on all nails
Nail stability External-Internal
Nail shear Ignored
FS on nail STR strength 1.8
FS on nail pullout 2
FS on facing bending 1.5
FS on facing punching 15
FS on bolts 1.7
FS on bearing 3
Table: Nails & max mobilized head forces
Name Nail a X El. Lfix Lfree Space Fhead Fhead
- Section deg (ft) (ft) (ft) (ft) (ft) (k/ft) (k)
Nail 1 1:N1-#6 15 -1 222 12 0 5 2.0816 10.41
Fhead= Mobilized force at nail head (facing), determined from pressures at facing.
Table: Surface point coordinates for last stage
Point x (ft) El. (ft)
1 -100 233
2 -18.38 233
3 -1 224.31
4 -1 217.52
5 60 217.52
Soil type property data
Name ytot ydry (0} c' Su gBond Color
(pcf) (pcf) (deg) (psf) (psf) (psi)
ESU 1B 125 125 35 50 N/A 20
ESU 3B 125 125 36 0 N/A 20
ESU 3E 125 125 32 50 N/A 20
ESU 4C 135 135 40 400 N/A 20




ytot = Total unit weight below water table
ydry = Bulk unit weight above water table

c' = Effective cohesion (in drained state for clays)
@' = Effective friction (in drained state for clays)

Su = Undrained shear strength (for clays in undrained condition)

gBond = Ultimate bond resistance for soil nails

5/49

Name: Wall 6.50, pos: (50, 0)

Top elev. Soil type OCR Ko
233 ESU 1B 1 0.43
223 ESU 3B 1 0.41
211 ESU 3E 1 0.47

206.5 ESU 4C 1 0.36




SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES

6/49

Soil nail results for design section: STA 1+39.5 Static

GENERAL SOIL NAIL DATA

Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

F
Fmax

CAP STR
CAP GEO
TcapGEO

TC1
TC2
TC3
TC4
TC4 C4
kS

Po

Pu

Lo
IxxCalc
SxxCalc
t.loss
%STR

= Soil nail axial tension force for critical failure surface (may not be the greatest)
= Maximum soil nail tension from all analyzed critical failure surfaces

=Tensile structural design capacity for soil nail

=Tensile geotechnical pull out resistance for soil nail

= Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)

= Structural soil nail shear resistance

= Shear resistance according to Clouterre TC2 criterion

= Shear resistance according to Clouterre TC3 criterion

= Shear resistance according to Clouterre TC4 criterion

= Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
= Soil subgrade modulus reaction at failure surface-soil nail intersection point

= Soil lateral pressure at failure surface-soil nail intersection point

= Ultimate lateral pressure at failure surface-soil nail intersection point

= Flexure length for shear calculations

= Nail moment of inertia (adjusted for corrosion loss if assumed etc)

= Nail section modulus (adjusted for corrosion loss if assumed)

= Structural thickness loss (if assumed by the user)

= Structural capacity loss as a percentage (if assumed by the user)
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Soil nail input data for design section STA 1+39.5 Static

Name Nail a X El. Lfix Lfree Space Asteel Dfix Fy
- Section deg (ft) (ft) (ft) (ft) (ft) (in2) (in) (ksi)
Nail1 [1:N1-#6 15 -1 222 12 0 5 0.44 6 75
Header plate data
Nail El. Width Thick Fy D open. Studs c studs Waler
Number (ft) (in) (in) (ksi) (in) Studs c studs Bars
Nail 1 222 12 2 50 1 N/A N/A #6




Quick analysis summary for design section: STA 1+54 Static

ol EsuiB

STA 1+54 Static

e

[ [ [

[ |

L 1 1 1

T TN T R O

'=35 deg
Qult= 20psi
ESU 3B
yt=125 pcf
&'=36 deg
Qult= 20psi

ESU 3E

223 ft

211 ft

9/49

Morgenstern-Price, FSsuggested.min = 1.5
Circular surface x=5ft, y= 231ft, R= 19.417ft

(Left exit pt: -14.12ft, 227.62ft)
(Right exit pt: 18 557ft, 217.1ft)

ad=4.83 kIf

yt= 125 pcf

ESU 4C
yt=135 pcf
¢= 400 psf
&'=40 deg
Qult= 20psi

Wall 6.50

206.5 ft

i<

9t

Stage

Calculation

FS

Fmax.Nails

Fmax.Nails

Fmax.Mob

STR Check

STR Check

STR Chec|

Max.

Min.

Section

Status

Slope

(k)

Head (k)

(k)

Nails

Plates

Facing

Reinf.

Reinf.

Stage 0

Calculated

1.747

30.27

25.03

30.27

0.669

0.407

0.13

Yes

Yes

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).

STR Facing= Stress check for facing, Design load/Design Capacity.




Table: Analysis summary for all stages, Part 1
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Stage Analyzed FS min FS req. code Type Xc (ft) Zc (ft) R (ft) Active (deg) [Passive (deg)
Stage 0 Yes 1.747 1.5 Circle 5 231 19.417 N/A N/A
Table: Analysis summary for all stages, Part 2
Point 1 Point 2 Crack (ft) |Design Appro| Design Case |Nail force (k)| Nail check [Support Mre|Wall Mres(k- [MEQ seismic(
N/A N/A N/A Service Facto 45.2 0.669 N/A N/A N/A
Table: Basic analysis assumptions last stage
Stage conditions Permanent structure long term
Min required FS 1.5
Method Morgenstern-Price
Nail methods Available shear
Surface search Circular
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial FSO 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0
Soil nail analysis Same settings on all nails
Nail stability External-Internal
Nail shear Ignored
FS on nail STR strength 1.8
FS on nail pullout 2
FS on facing bending 1.5
FS on facing punching 15
FS on bolts 1.7
FS on bearing 3
Table: Nails & max mobilized head forces
Name Nail a X El. Lfix Lfree Space Fhead Fhead
- Section deg (ft) (ft) (ft) (ft) (ft) (k/ft) (k)
Nail 1 3:N1-#10 15 -1 220 20 0 4 4.8324 19.33
Nail 1 3:N1-#10 15 -1 217.5 20 0 7 3.5751 25.03

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.
Table: Surface point coordinates for last stage

Point x (ft) El. (ft)
1 -100 227.62
2 -7.96 227.62
3 -1 224.36
4 -1 217.1
5 60 217.1

Soil type property data

Name ytot ydry (0} c' Su gBond Color
(pcf) (pcf) (deg) (psf) (psf) (psi)

ESU 1B 125 125 35 50 N/A 20

ESU 3B 125 125 36 0 N/A 20

ESU 3E 125 125 32 50 N/A 20

ESU 4C 135 135 40 400 N/A 20




ytot = Total unit weight below water table
ydry = Bulk unit weight above water table

c' = Effective cohesion (in drained state for clays)
@' = Effective friction (in drained state for clays)

Su = Undrained shear strength (for clays in undrained condition)

gBond = Ultimate bond resistance for soil nails

11/49

Name: Wall 6.50, pos: (50, 0)

Top elev. Soil type OCR Ko
233 ESU 1B 1 0.43
223 ESU 3B 1 0.41
211 ESU 3E 1 0.47

206.5 ESU 4C 1 0.36




SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES

12/49

Soil nail results for design section: STA 1+54 Static

GENERAL SOIL NAIL DATA

Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

F
Fmax

CAP STR
CAP GEO
TcapGEO

TC1
TC2
TC3
TC4
TC4 C4
kS

Po

Pu

Lo
IxxCalc
SxxCalc
t.loss
%STR

= Soil nail axial tension force for critical failure surface (may not be the greatest)
= Maximum soil nail tension from all analyzed critical failure surfaces

=Tensile structural design capacity for soil nail

=Tensile geotechnical pull out resistance for soil nail

= Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)

= Structural soil nail shear resistance

= Shear resistance according to Clouterre TC2 criterion

= Shear resistance according to Clouterre TC3 criterion

= Shear resistance according to Clouterre TC4 criterion

= Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
= Soil subgrade modulus reaction at failure surface-soil nail intersection point

= Soil lateral pressure at failure surface-soil nail intersection point

= Ultimate lateral pressure at failure surface-soil nail intersection point

= Flexure length for shear calculations

= Nail moment of inertia (adjusted for corrosion loss if assumed etc)

= Nail section modulus (adjusted for corrosion loss if assumed)

= Structural thickness loss (if assumed by the user)

= Structural capacity loss as a percentage (if assumed by the user)
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Soil nail input data for design section STA 1+54 Static
Name Nail a X El. Lfix Lfree Space Asteel Dfix Fy
- Section deg (ft) (ft) (ft) (ft) (ft) (in2) (in) (ksi)
Nail 1 [3:N1-#1 15 -1 220 20 0 4 1.27 6 75
Nail1 [3:N1-#1 15 -1 217.5 20 0 7 1.27 6 75
Header plate data
Nail El. Width Thick Fy D open. Studs c studs Waler
Number (ft) (in) (in) (ksi) (in) Studs c studs Bars
Nail 1 220 12 2 50 1 N/A N/A #6
Nail 1 217.5 12 2 50 1 N/A N/A #6




Quick analysis summary for design section: STA 2+05 Static

ESU 1B
[ yt=125 pef

STA 2+05 Static

c= 50 psf

=35 deg
Qult= 20psi

ESU 3B
yt=125 pcf
&'=36 deg
Qult= 20psi

ESU 3E

211 ft
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Morgenstern-Price, FSsuggested.min = 1.5

Circular surface x=5ft, y= 234ft, R= 24 56ft

(Left exit pt: -18.295t, 226 22ft)

(Right exit pt:

21.523ft, 215.83ft)

d=4.49 kIf

Rhead= 4.65 kIf

yt= 125 pcf

ESU 4C
yt=135 pcf
¢= 400 psf
&'=40 deg
Qult= 20psi

Wall 6.50

206.5 ft

9t

i<

Stage

Calculation

FS

Fmax.Nails

Fmax.Nails Fmax.Mob

STR Check

STR Check

STR Chec| Max.

Min.

Section

Status

Slope

(k)

Head (k) (K)

Nails

Plates

Facing Reinf.

Reinf.

Stage 0

Calculated

1.686

28.9

18.61 28.9

0.639

0.388

0.127 Yes

Yes

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).

Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.




Table: Analysis summary for all stages, Part 1
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Stage Analyzed FS min FS req. code Type Xc (ft) Zc (ft) R (ft) Active (deg) [Passive (deg)
Stage 0 Yes 1.686 1.5 Circle 5 234 24.56 N/A N/A
Table: Analysis summary for all stages, Part 2
Point 1 Point 2 Crack (ft) |Design Appro| Design Case |Nail force (k)| Nail check [Support Mre|Wall Mres(k- [MEQ seismic(
N/A N/A N/A Service Facto 45.21 0.639 N/A N/A N/A
Table: Basic analysis assumptions last stage
Stage conditions Permanent structure long term
Min required FS 1.5
Method Morgenstern-Price
Nail methods Available shear
Surface search Circular
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial FSO 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0
Soil nail analysis Same settings on all nails
Nail stability External-Internal
Nail shear Ignored
FS on nail STR strength 1.8
FS on nail pullout 2
FS on facing bending 1.5
FS on facing punching 15
FS on bolts 1.7
FS on bearing 3
Table: Nails & max mobilized head forces
Name Nail a X El. Lfix Lfree Space Fhead Fhead
- Section deg (ft) (ft) (ft) (ft) (ft) (k/ft) (k)
Nail 1 3:N1-#10 15 -1 220 20 0 4 4.4851 17.94
Nail 1 3:N1-#10 15 -1 216.5 20 0 4 4.6516 18.61
Fhead= Mobilized force at nail head (facing), determined from pressures at facing.
Table: Surface point coordinates for last stage
Point x (ft) El. (ft)
1 -100 226.22
2 -9.08 226.22
3 -1 222.1
4 -1 215.83
5 60 215.83
Soil type property data
Name ytot ydry (0} c' Su gBond Color
(pcf) (pcf) (deg) (psf) (psf) (psi)
ESU 1B 125 125 35 50 N/A 20
ESU 3B 125 125 36 0 N/A 20
ESU 3E 125 125 32 50 N/A 20
ESU 4C 135 135 40 400 N/A 20




ytot = Total unit weight below water table
ydry = Bulk unit weight above water table

c' = Effective cohesion (in drained state for clays)
@' = Effective friction (in drained state for clays)

Su = Undrained shear strength (for clays in undrained condition)

gBond = Ultimate bond resistance for soil nails
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Name: Wall 6.50, pos: (50, 0)

Top elev. Soil type OCR Ko
233 ESU 1B 1 0.43
223 ESU 3B 1 0.41
211 ESU 3E 1 0.47

206.5 ESU 4C 1 0.36




SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
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Soil nail results for design section: STA 2+05 Static

GENERAL SOIL NAIL DATA

Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

F
Fmax

CAP STR
CAP GEO
TcapGEO

TC1
TC2
TC3
TC4
TC4 C4
kS

Po

Pu

Lo
IxxCalc
SxxCalc
t.loss
%STR

= Soil nail axial tension force for critical failure surface (may not be the greatest)
= Maximum soil nail tension from all analyzed critical failure surfaces

=Tensile structural design capacity for soil nail

=Tensile geotechnical pull out resistance for soil nail

= Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)

= Structural soil nail shear resistance

= Shear resistance according to Clouterre TC2 criterion

= Shear resistance according to Clouterre TC3 criterion

= Shear resistance according to Clouterre TC4 criterion

= Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
= Soil subgrade modulus reaction at failure surface-soil nail intersection point

= Soil lateral pressure at failure surface-soil nail intersection point

= Ultimate lateral pressure at failure surface-soil nail intersection point

= Flexure length for shear calculations

= Nail moment of inertia (adjusted for corrosion loss if assumed etc)

= Nail section modulus (adjusted for corrosion loss if assumed)

= Structural thickness loss (if assumed by the user)

= Structural capacity loss as a percentage (if assumed by the user)
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Soil nail input data for design section STA 2+05 Static
Name Nail a X El. Lfix Lfree Space Asteel Dfix Fy
- Section deg (ft) (ft) (ft) (ft) (ft) (in2) (in) (ksi)
Nail 1 [3:N1-#1 15 -1 220 20 0 4 1.27 6 75
Nail 1 [3:N1-#1 15 -1 216.5 20 0 4 1.27 6 75
Header plate data
Nail El. Width Thick Fy D open. Studs c studs Waler
Number (ft) (in) (in) (ksi) (in) Studs c studs Bars
Nail 1 220 12 2 50 1 N/A N/A #6
Nail 1 216.5 12 2 50 1 N/A N/A #6




Quick analysis summary for design section: STA 2+07 Static

STA 2+07 Static

0.25

[

ESU 1B
yt=125 pcf

c=50 psf
'=35 deg
Qult= 20psi

ESU 3B
yt=125 pcf
&'=36 deg
Qult= 20psi

ESU 3E

223 ft

211 ft
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Morgenstern-Price, FSsuggested.min = 1.5
Circular surface x=8ft, y= 260ft, R= 44 7211t
(Left exit pt: -27.6511t, 233ft)
(Right exit pt: -1ft, 221.95ft)

Rhead= 2.04 kIf

1<

Y

yt= 125 pcf

ESU 4C
yt=135 pcf
¢= 400 psf
&'=40 deg
Qult= 20psi

Wall 6.50

206.5 ft

i<

=+

Stage

Calculation

FS

Fmax.Nails

Fmax.Nails

Fmax.Mob

STR Check

STR Check

STR Chec]

Max.

Min.

Section

Status

Slope

(k)

Head (k)

(k)

Nails

Plates

Facing

Reinf.

Reinf.

Stage 0

Calculated

1.635

12.84

10.22

10.45

0.701

0.167

0.063

Yes

Yes

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).

STR Facing= Stress check for facing, Design load/Design Capacity.




Table: Analysis summary for all stages, Part 1
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Stage Analyzed FS min FS req. code Type Xc (ft) Zc (ft) R (ft) Active (deg) [Passive (deg)
Stage 0 Yes 1.635 1.5 Circle 8 260 44.721 N/A N/A
Table: Analysis summary for all stages, Part 2
Point 1 Point 2 Crack (ft) |Design Appro| Design Case |Nail force (k)| Nail check [Support Mre|Wall Mres(k- [MEQ seismic(
N/A N/A N/A Service Facto 18.33 0.701 N/A N/A N/A
Table: Basic analysis assumptions last stage
Stage conditions Permanent structure long term
Min required FS 1.5
Method Morgenstern-Price
Nail methods Available shear
Surface search Circular
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial FSO 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0
Soil nail analysis Same settings on all nails
Nail stability External-Internal
Nail shear Ignored
FS on nail STR strength 1.8
FS on nail pullout 2
FS on facing bending 1.5
FS on facing punching 15
FS on bolts 1.7
FS on bearing 3
Table: Nails & max mobilized head forces
Name Nail a X El. Lfix Lfree Space Fhead Fhead
- Section deg (ft) (ft) (ft) (ft) (ft) (k/ft) (k)
Nail 1 1:N1-#6 15 -1 220 12 0 5 2.0444 10.22
Fhead= Mobilized force at nail head (facing), determined from pressures at facing.
Table: Surface point coordinates for last stage
Point x (ft) El. (ft)
1 -100 233
2 -23.1 233
3 -1 221.95
4 -1 215.78
5 60 215.65
Soil type property data
Name ytot ydry (0} c' Su gBond Color
(pcf) (pcf) (deg) (psf) (psf) (psi)
ESU 1B 125 125 35 50 N/A 20
ESU 3B 125 125 36 0 N/A 20
ESU 3E 125 125 32 50 N/A 20
ESU 4C 135 135 40 400 N/A 20




ytot = Total unit weight below water table
ydry = Bulk unit weight above water table

c' = Effective cohesion (in drained state for clays)
@' = Effective friction (in drained state for clays)

Su = Undrained shear strength (for clays in undrained condition)

gBond = Ultimate bond resistance for soil nails
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Name: Wall 6.50, pos: (50, 0)

Top elev. Soil type OCR Ko
233 ESU 1B 1 0.43
223 ESU 3B 1 0.41
211 ESU 3E 1 0.47

206.5 ESU 4C 1 0.36




SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
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Soil nail results for design section: STA 2+07 Static

GENERAL SOIL NAIL DATA

Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

F
Fmax

CAP STR
CAP GEO
TcapGEO

TC1
TC2
TC3
TC4
TC4 C4
kS

Po

Pu

Lo
IxxCalc
SxxCalc
t.loss
%STR

= Soil nail axial tension force for critical failure surface (may not be the greatest)
= Maximum soil nail tension from all analyzed critical failure surfaces

=Tensile structural design capacity for soil nail

=Tensile geotechnical pull out resistance for soil nail

= Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)

= Structural soil nail shear resistance

= Shear resistance according to Clouterre TC2 criterion

= Shear resistance according to Clouterre TC3 criterion

= Shear resistance according to Clouterre TC4 criterion

= Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
= Soil subgrade modulus reaction at failure surface-soil nail intersection point

= Soil lateral pressure at failure surface-soil nail intersection point

= Ultimate lateral pressure at failure surface-soil nail intersection point

= Flexure length for shear calculations

= Nail moment of inertia (adjusted for corrosion loss if assumed etc)

= Nail section modulus (adjusted for corrosion loss if assumed)

= Structural thickness loss (if assumed by the user)

= Structural capacity loss as a percentage (if assumed by the user)
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Soil nail input data for design section STA 2+07 Static

Name Nail a X El. Lfix Lfree Space Asteel Dfix Fy
- Section deg (ft) (ft) (ft) (ft) (ft) (in2) (in) (ksi)
Nail1 [1:N1-#6 15 -1 220 12 0 5 0.44 6 75
Header plate data
Nail El. Width Thick Fy D open. Studs c studs Waler
Number (ft) (in) (in) (ksi) (in) Studs c studs Bars
Nail 1 220 12 2 50 1 N/A N/A #6
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Quick analysis summary for design section: STA 1+39.5 Seismic

STA 1+39.5 Seismic

Morgenstern-Price, FSsuggested.min = 1.1
Circular surface x=2ft, y= 248ft, R= 32.532ft
(Left exit pt: -26.8671t, 233ft)

(Right exit pt: 13.37ft, 217.52ft)

[

ESU 1B
yt=125 pcf

c=50 psf
'=35 deg
Qult= 20psi

ESU 3B
yt=125 pcf
&'=36 deg
Qult= 20psi

ESU 3E

223 ft

211 ft

Rhead= 2.7 kIf

1<

Y

yt= 125 pcf

ESU 4C
yt=135 pcf
¢= 400 psf
&'=40 deg
Qult= 20psi

Wall 6.50

206.5 ft

i<

=+

Stage

Calculation

FS

Fmax.Nails Fmax.Nails Fmax.Mob |STR Check|STR Check|STR Chec| Max.

Min.

Section

Status

Slope

(k) Head (k) (k) Nails Plates Facing Reinf.

Reinf.

Stage 0

Calculated

1.126

17 13.51 13.61 0.695 0.163 0.077 Yes

Yes

Fmax Nails = Maximum axial nail force in analysis.

Fmax Nail@head = Maximum axial nail force at facing (To).

Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)

STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).

STR Facing= Stress check for facing, Design load/Design Capacity.




Table: Analysis summary for all stages, Part 1
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Stage Analyzed FS min FS req. code Type Xc (ft) Zc (ft) R (ft) Active (deg) [Passive (deg)
Stage 0 Yes 1.126 1.1 Circle 2 248 32.532 N/A N/A
Table: Analysis summary for all stages, Part 2
Point 1 Point 2 Crack (ft) |Design Appro| Design Case |Nail force (k)| Nail check [Support Mre|Wall Mres(k- [MEQ seismic(
N/A N/A N/A Service Facto 24.44 0.695 N/A N/A N/A
Table: Basic analysis assumptions last stage
Stage conditions Extreme event, flood or seismic
Min required FS 1.1
Method Morgenstern-Price
Nail methods Available shear
Earthquake ax=0.25g, az= 0g
Seismic pressures Mononobe-Okabe
Surface search Circular
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial FSO 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0
Soil nail analysis Same settings on all nails
Nail stability External-Internal
Nail shear Ignored
FS on nail STR strength 1.35
FS on nail pullout 15
FS on facing bending 11
FS on facing punching 11
FS on bolts 1.3
FS on bearing 2.3
Table: Nails & max mobilized head forces
Name Nail a X El. Lfix Lfree Space Fhead Fhead
- Section deg (ft) (ft) (ft) (ft) (ft) (k/ft) (k)
Nail 1 1:N1-#6 15 -1 222 12 0 5 2.7026 13.51

Point x (ft) El. (ft)
1 -100 233
2 -18.38 233
3 -1 224.31
4 -1 217.52
5 60 217.52

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.
Table: Surface point coordinates for last stage
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Soil type property data

Name ytot ydry (0} c' Su gBond Color
(pcf) (pcf) (deg) (psf) (psf) (psi)

ESU 1B 125 125 35 50 N/A 20

ESU 3B 125 125 36 0 N/A 20

ESU 3E 125 125 32 50 N/A 20

ESU 4C 135 135 40 400 N/A 20

ytot = Total unit weight below water table

ydry = Bulk unit weight above water table

c' = Effective cohesion (in drained state for clays)

@' = Effective friction (in drained state for clays)

Su = Undrained shear strength (for clays in undrained condition)
gBond = Ultimate bond resistance for soil nails

Name: Wall 6.50, pos: (50, 0)

Top elev. Soil type OCR Ko
233 ESU 1B 1 0.43
223 ESU 3B 1 0.41
211 ESU 3E 1 0.47

206.5 ESU 4C 1 0.36




SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
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Soil nail results for design section: STA 1+39.5 Seismic

GENERAL SOIL NAIL DATA

Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

F
Fmax

CAP STR
CAP GEO
TcapGEO

TC1
TC2
TC3
TC4
TC4 C4
kS

Po

Pu

Lo
IxxCalc
SxxCalc
t.loss
%STR

= Soil nail axial tension force for critical failure surface (may not be the greatest)
= Maximum soil nail tension from all analyzed critical failure surfaces

=Tensile structural design capacity for soil nail

=Tensile geotechnical pull out resistance for soil nail

= Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)

= Structural soil nail shear resistance

= Shear resistance according to Clouterre TC2 criterion

= Shear resistance according to Clouterre TC3 criterion

= Shear resistance according to Clouterre TC4 criterion

= Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
= Soil subgrade modulus reaction at failure surface-soil nail intersection point

= Soil lateral pressure at failure surface-soil nail intersection point

= Ultimate lateral pressure at failure surface-soil nail intersection point

= Flexure length for shear calculations

= Nail moment of inertia (adjusted for corrosion loss if assumed etc)

= Nail section modulus (adjusted for corrosion loss if assumed)

= Structural thickness loss (if assumed by the user)

= Structural capacity loss as a percentage (if assumed by the user)
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Soil nail input data for design section STA 1+39.5 Seismic

Name Nail a X El. Lfix Lfree Space Asteel Dfix Fy
- Section deg (ft) (ft) (ft) (ft) (ft) (in2) (in) (ksi)
Nail1 [1:N1-#6 15 -1 222 12 0 5 0.44 6 75
Header plate data
Nail El. Width Thick Fy D open. Studs c studs Waler
Number (ft) (in) (in) (ksi) (in) Studs c studs Bars
Nail 1 222 12 2 50 1 N/A N/A #6




Quick analysis summary for design section: STA 1+54 Seismic
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Morgenstern-Price, FSsuggested.min = 1.1
Circular surface x=5ft, y= 234ft, R= 22.315ft
(Left exit pt: -16.3844t, 227.62ft)

(Right exit pt: 19 573ft, 217.1f)

ad= 5.55 kIf

Rhead=3.74 kIf

yt= 125 pcf

ESU 4C
yt=135 pcf
¢= 400 psf
&'=40 deg
Qult= 20psi

Wall 6.50

206.5 ft

i<

9t

Stage

Calculation

FS

Fmax.Nails

Fmax.Nails

Fmax.Mob

STR Check

STR Check

STR Chec]

Max.

Min.

Section

Status

Slope

(k)

Head (k)

(k)

Nails

Plates

Facing

Reinf.

Reinf.

Stage 0

Calculated

1.63

31.69

26.2

31.69

0.525

0.402

0.143

Yes

Yes

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).

STR Facing= Stress check for facing, Design load/Design Capacity.




Table: Analysis summary for all stages, Part 1
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Stage Analyzed FS min FS req. code Type Xc (ft) Zc (ft) R (ft) Active (deg) [Passive (deg)
Stage 0 Yes 1.63 1.1 Circle 5 234 22.315 N/A N/A
Table: Analysis summary for all stages, Part 2
Point 1 Point 2 Crack (ft) |Design Appro| Design Case |Nail force (k)| Nail check [Support Mre|Wall Mres(k- [MEQ seismic(
N/A N/A N/A Service Facto 60.27 0.525 N/A N/A N/A
Table: Basic analysis assumptions last stage
Stage conditions Extreme event, flood or seismic
Min required FS 11
Method Morgenstern-Price
Nail methods Available shear
Earthquake ax=0.25g, az= 0g
Seismic pressures Mononobe-Okabe
Surface search Circular
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial FSO 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0
Soil nail analysis Same settings on all nails
Nail stability External-Internal
Nail shear Ignored
FS on nail STR strength 1.35
FS on nail pullout 15
FS on facing bending 11
FS on facing punching 11
FS on bolts 1.3
FS on bearing 2.3
Table: Nails & max mobilized head forces
Name Nail a X El. Lfix Lfree Space Fhead Fhead
- Section deg (ft) (ft) (ft) (ft) (ft) (k/ft) (k)
Nail 1 3:N1-#10 15 -1 220 20 0 4 5.5493 22.2
Nail 1 3:N1-#10 15 -1 217.5 20 0 7 3.7425 26.2

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.
Table: Surface point coordinates for last stage

Point x (ft) El. (ft)
1 -100 227.62
2 -7.96 227.62
3 -1 224.36
4 -1 217.1
5 60 217.1
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Soil type property data

Name ytot ydry (0} c' Su gBond Color
(pcf) (pcf) (deg) (psf) (psf) (psi)

ESU 1B 125 125 35 50 N/A 20

ESU 3B 125 125 36 0 N/A 20

ESU 3E 125 125 32 50 N/A 20

ESU 4C 135 135 40 400 N/A 20

ytot = Total unit weight below water table

ydry = Bulk unit weight above water table

c' = Effective cohesion (in drained state for clays)

@' = Effective friction (in drained state for clays)

Su = Undrained shear strength (for clays in undrained condition)
gBond = Ultimate bond resistance for soil nails

Name: Wall 6.50, pos: (50, 0)

Top elev. Soil type OCR Ko
233 ESU 1B 1 0.43
223 ESU 3B 1 0.41
211 ESU 3E 1 0.47

206.5 ESU 4C 1 0.36




SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES
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Soil nail results for design section: STA 1+54 Seismic

GENERAL SOIL NAIL DATA

Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

F
Fmax

CAP STR
CAP GEO
TcapGEO

TC1
TC2
TC3
TC4
TC4 C4
kS

Po

Pu

Lo
IxxCalc
SxxCalc
t.loss
%STR

= Soil nail axial tension force for critical failure surface (may not be the greatest)
= Maximum soil nail tension from all analyzed critical failure surfaces

=Tensile structural design capacity for soil nail

=Tensile geotechnical pull out resistance for soil nail

= Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)

= Structural soil nail shear resistance

= Shear resistance according to Clouterre TC2 criterion

= Shear resistance according to Clouterre TC3 criterion

= Shear resistance according to Clouterre TC4 criterion

= Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
= Soil subgrade modulus reaction at failure surface-soil nail intersection point

= Soil lateral pressure at failure surface-soil nail intersection point

= Ultimate lateral pressure at failure surface-soil nail intersection point

= Flexure length for shear calculations

= Nail moment of inertia (adjusted for corrosion loss if assumed etc)

= Nail section modulus (adjusted for corrosion loss if assumed)

= Structural thickness loss (if assumed by the user)

= Structural capacity loss as a percentage (if assumed by the user)
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Soil nail input data for design section STA 1+54 Seismic
Name Nail a X El. Lfix Lfree Space Asteel Dfix Fy
- Section deg (ft) (ft) (ft) (ft) (ft) (in2) (in) (ksi)
Nail 1 [3:N1-#1 15 -1 220 20 0 4 1.27 6 75
Nail1 [3:N1-#1 15 -1 217.5 20 0 7 1.27 6 75
Header plate data
Nail El. Width Thick Fy D open. Studs c studs Waler
Number (ft) (in) (in) (ksi) (in) Studs c studs Bars
Nail 1 220 12 2 50 1 N/A N/A #6
Nail 1 217.5 12 2 50 1 N/A N/A #6




Quick analysis summary for design section: STA 2+05 Seismic
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Morgenstern-Price, FSsuggested.min = 1.1
Circular surface x=5ft, y= 234ft, R= 24 56ft
(Left exit pt: -18.295ft, 226 .22ft)

(Right exit pt:

21.523ft, 215.83ft)

ad=4.93 kIf

Rhead=4.87 kIf

yt= 125 pcf

ESU 4C
yt=135 pcf
¢= 400 psf
&'=40 deg
Qult= 20psi

Wall 6.50

206.5 ft

9t

i<

Stage

Calculation

FS

Fmax.Nails

Fmax.Nails Fmax.Mob

STR Check

STR Check

STR Chec| Max.

Min.

Section

Status

Slope

(k)

Head (k) (K)

Nails

Plates

Facing Reinf.

Reinf.

Stage 0

Calculated

1.536

30.26

19.71 30.61

0.502

0.387

0.134 Yes

Yes

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).

Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).
STR Facing= Stress check for facing, Design load/Design Capacity.




Table: Analysis summary for all stages, Part 1
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Stage Analyzed FS min FS req. code Type Xc (ft) Zc (ft) R (ft) Active (deg) [Passive (deg)
Stage 0 Yes 1.536 1.1 Circle 5 234 24.56 N/A N/A
Table: Analysis summary for all stages, Part 2
Point 1 Point 2 Crack (ft) |Design Appro| Design Case |Nail force (k)| Nail check [Support Mre|Wall Mres(k- [MEQ seismic(
N/A N/A N/A Service Facto 60.28 0.502 N/A N/A N/A
Table: Basic analysis assumptions last stage
Stage conditions Extreme event, flood or seismic
Min required FS 11
Method Morgenstern-Price
Nail methods Available shear
Earthquake ax=0.25g, az= 0g
Seismic pressures Mononobe-Okabe
Surface search Circular
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial FSO 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0
Soil nail analysis Same settings on all nails
Nail stability External-Internal
Nail shear Ignored
FS on nail STR strength 1.35
FS on nail pullout 15
FS on facing bending 11
FS on facing punching 11
FS on bolts 1.3
FS on bearing 2.3
Table: Nails & max mobilized head forces
Name Nail a X El. Lfix Lfree Space Fhead Fhead
- Section deg (ft) (ft) (ft) (ft) (ft) (k/ft) (k)
Nail 1 3:N1-#10 15 -1 220 20 0 4 4.9265 19.71
Nail 1 3:N1-#10 15 -1 216.5 20 0 4 4.8709 19.48

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.
Table: Surface point coordinates for last stage

Point x (ft) El. (ft)
1 -100 226.22
2 -9.08 226.22
3 -1 222.1
4 -1 215.83
5 60 215.83
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Soil type property data

Name ytot ydry (0} c' Su gBond Color
(pcf) (pcf) (deg) (psf) (psf) (psi)

ESU 1B 125 125 35 50 N/A 20

ESU 3B 125 125 36 0 N/A 20

ESU 3E 125 125 32 50 N/A 20

ESU 4C 135 135 40 400 N/A 20

ytot = Total unit weight below water table

ydry = Bulk unit weight above water table

c' = Effective cohesion (in drained state for clays)

@' = Effective friction (in drained state for clays)

Su = Undrained shear strength (for clays in undrained condition)
gBond = Ultimate bond resistance for soil nails

Name: Wall 6.50, pos: (50, 0)

Top elev. Soil type OCR Ko
233 ESU 1B 1 0.43
223 ESU 3B 1 0.41
211 ESU 3E 1 0.47

206.5 ESU 4C 1 0.36
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Soil nail results for design section: STA 2+05 Seismic

GENERAL SOIL NAIL DATA

Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

F
Fmax

CAP STR
CAP GEO
TcapGEO

TC1
TC2
TC3
TC4
TC4 C4
kS

Po

Pu

Lo
IxxCalc
SxxCalc
t.loss
%STR

= Soil nail axial tension force for critical failure surface (may not be the greatest)
= Maximum soil nail tension from all analyzed critical failure surfaces

=Tensile structural design capacity for soil nail

=Tensile geotechnical pull out resistance for soil nail

= Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)

= Structural soil nail shear resistance

= Shear resistance according to Clouterre TC2 criterion

= Shear resistance according to Clouterre TC3 criterion

= Shear resistance according to Clouterre TC4 criterion

= Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
= Soil subgrade modulus reaction at failure surface-soil nail intersection point

= Soil lateral pressure at failure surface-soil nail intersection point

= Ultimate lateral pressure at failure surface-soil nail intersection point

= Flexure length for shear calculations

= Nail moment of inertia (adjusted for corrosion loss if assumed etc)

= Nail section modulus (adjusted for corrosion loss if assumed)

= Structural thickness loss (if assumed by the user)

= Structural capacity loss as a percentage (if assumed by the user)
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Soil nail input data for design section STA 2+05 Seismic
Name Nail a X El. Lfix Lfree Space Asteel Dfix Fy
- Section deg (ft) (ft) (ft) (ft) (ft) (in2) (in) (ksi)
Nail 1 [3:N1-#1 15 -1 220 20 0 4 1.27 6 75
Nail 1 [3:N1-#1 15 -1 216.5 20 0 4 1.27 6 75
Header plate data
Nail El. Width Thick Fy D open. Studs c studs Waler
Number (ft) (in) (in) (ksi) (in) Studs c studs Bars
Nail 1 220 12 2 50 1 N/A N/A #6
Nail 1 216.5 12 2 50 1 N/A N/A #6




Quick analysis summary for design section: STA 2+07 Seismic

STA 2407 Seismic

0.25

[

ESU 1B
yt=125 pcf

c=50 psf
'=35 deg
Qult= 20psi

ESU 3B
yt=125 pcf
&'=36 deg
Qult= 20psi

ESU 3E

223 ft

211 ft
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Morgenstern-Price, FSsuggested.min = 1.1

Circular surface x=5ft, y= 254ft, R= 41.309ft
(Left exit pt: -30.573ft, 233ft)
(Right exit pt: 20.561ft, 215.734ft)

Rhead= 2.58 kIf

yt= 125 pcf

ESU 4C
yt=135 pcf
¢= 400 psf
&'=40 deg
Qult= 20psi

Wall 6.50

206.5 ft

i<

=+

Stage

Calculation

FS

Fmax.Nails

Fmax.Nails

Fmax.Mob

STR Check

STR Check

STR Chec]

Max.

Min.

Section

Status

Slope

(k)

Head (k)

(k)

Nails

Plates

Facing

Reinf.

Reinf.

Stage 0

Calculated

1.156

16.23

12.91

13.2

0.664

0.163

0.074

Yes

Yes

Fmax Nails = Maximum axial nail force in analysis.
Fmax Nail@head = Maximum axial nail force at facing (To).
Fmax.Mob = Maximum mob axial nail force from To/Tmax ratio Clouterre (Tmax)
STR Nails= Stress check for nails, Design load/Design Capacity (maintain below 1 for good design).
STR Plates= Stress check for nail plates (punching and bending).

STR Facing= Stress check for facing, Design load/Design Capacity.




Table: Analysis summary for all stages, Part 1
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Stage Analyzed FS min FS req. code Type Xc (ft) Zc (ft) R (ft) Active (deg) [Passive (deg)
Stage 0 Yes 1.156 1.1 Circle 5 254 41.309 N/A N/A
Table: Analysis summary for all stages, Part 2
Point 1 Point 2 Crack (ft) |Design Appro| Design Case |Nail force (k)| Nail check [Support Mre|Wall Mres(k- [MEQ seismic(
N/A N/A N/A Service Facto 24.44 0.664 N/A N/A N/A
Table: Basic analysis assumptions last stage
Stage conditions Extreme event, flood or seismic
Min required FS 1.1
Method Morgenstern-Price
Nail methods Available shear
Earthquake ax=0.25g, az= 0g
Seismic pressures Mononobe-Okabe
Surface search Circular
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial FSO 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0
Soil nail analysis Same settings on all nails
Nail stability External-Internal
Nail shear Ignored
FS on nail STR strength 1.35
FS on nail pullout 15
FS on facing bending 11
FS on facing punching 11
FS on bolts 1.3
FS on bearing 2.3
Table: Nails & max mobilized head forces
Name Nail a X El. Lfix Lfree Space Fhead Fhead
- Section deg (ft) (ft) (ft) (ft) (ft) (k/ft) (k)
Nail 1 1:N1-#6 15 -1 220 12 0 5 2.5829 12.91

Point x (ft) El. (ft)
1 -100 233
2 -23.1 233
3 -1 221.95
4 -1 215.78
5 60 215.65

Fhead= Mobilized force at nail head (facing), determined from pressures at facing.
Table: Surface point coordinates for last stage
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Soil type property data

Name ytot ydry (0} c' Su gBond Color
(pcf) (pcf) (deg) (psf) (psf) (psi)

ESU 1B 125 125 35 50 N/A 20

ESU 3B 125 125 36 0 N/A 20

ESU 3E 125 125 32 50 N/A 20

ESU 4C 135 135 40 400 N/A 20

ytot = Total unit weight below water table

ydry = Bulk unit weight above water table

c' = Effective cohesion (in drained state for clays)

@' = Effective friction (in drained state for clays)

Su = Undrained shear strength (for clays in undrained condition)
gBond = Ultimate bond resistance for soil nails

Name: Wall 6.50, pos: (50, 0)

Top elev. Soil type OCR Ko
233 ESU 1B 1 0.43
223 ESU 3B 1 0.41
211 ESU 3E 1 0.47

206.5 ESU 4C 1 0.36




SLOPE STABILITY ANALYSIS: SOIL NAIL RESULTS ALL STAGES

48/49

Soil nail results for design section: STA 2+07 Seismic

GENERAL SOIL NAIL DATA

Soil nails are concidered only when a slope stability analysis is performed.
TABLE DATA (major parameters)

F
Fmax

CAP STR
CAP GEO
TcapGEO

TC1
TC2
TC3
TC4
TC4 C4
kS

Po

Pu

Lo
IxxCalc
SxxCalc
t.loss
%STR

= Soil nail axial tension force for critical failure surface (may not be the greatest)
= Maximum soil nail tension from all analyzed critical failure surfaces

=Tensile structural design capacity for soil nail

=Tensile geotechnical pull out resistance for soil nail

= Critical shear resistance for soil nail (min TC1, TC2, TC3, TC4)

= Structural soil nail shear resistance

= Shear resistance according to Clouterre TC2 criterion

= Shear resistance according to Clouterre TC3 criterion

= Shear resistance according to Clouterre TC4 criterion

= Shear resistance according to Clouterre TC4 criterion for limit equilibrium approach
= Soil subgrade modulus reaction at failure surface-soil nail intersection point

= Soil lateral pressure at failure surface-soil nail intersection point

= Ultimate lateral pressure at failure surface-soil nail intersection point

= Flexure length for shear calculations

= Nail moment of inertia (adjusted for corrosion loss if assumed etc)

= Nail section modulus (adjusted for corrosion loss if assumed)

= Structural thickness loss (if assumed by the user)

= Structural capacity loss as a percentage (if assumed by the user)
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Soil nail input data for design section STA 2+07 Seismic

Name Nail a X El. Lfix Lfree Space Asteel Dfix Fy
- Section deg (ft) (ft) (ft) (ft) (ft) (in2) (in) (ksi)
Nail1 [1:N1-#6 15 -1 220 12 0 5 0.44 6 75
Header plate data
Nail El. Width Thick Fy D open. Studs c studs Waler
Number (ft) (in) (in) (ksi) (in) Studs c studs Bars
Nail 1 220 12 2 50 1 N/A N/A #6




BEARING CAPACITY

Level Ground Conditions

Note: Any set of consistent units can be used

Renton to Bellevue
Wall 6.50L Barrier

Calculate

Ref: Das, "Principles of Foundation Engineering," Section 3.4 (B'<=L'")
Phi, ¢, (deg)= 36.0 Nc = 50.59 [ Width, B = 2.3 e= 0.0 B'= 2.33
Phi, ¢,(rad)= 0.63 Ng = 37.75 | Length, L= 25.0 e= 0.0 L'= 25.00
beta(deg)= 0.0 Ny = 56.31 Area = 58.25 D/B= 0.43 Eff Area = 58.25
Load inclination from vertical
c Nc Fcs Fcd Fci q (force/area) Q (force)
0.0] 50.59 | 1.07 | 1.17 | 1.00 | 0 0
Y D (depth) Ng Fgs Fqd Fqi
125.0| 1.0  37.75 | 1.07 | 1.11 | 1.00 | 5573 324601
B (width) Y Ny Fys Fyd Fyi
1/2 | 2.3 | 125.0| 56.31 | 0.96 | 1.00 | 1.00 7895 459857
Verification Problem, see attached photocopy ultimate = 13,467 784,458
Example 3.3, page 114 in DAS (1984) FS = 1.00 1.00
Principles of Foundation Engineering allowable = 13,467 784,458




Active & Passive Earth Pressure Coefficients -- Coulomb's Method

Spreadsheet Name: RetWall, Notebook =

References:
Das (1984), Principles of Foundation Engineering,

Coulomb

egs. 5-18, 5-24

Das (1983), Fundamentals of Soil Dynamics, eq. 9.5 & 9.41
Kramer (1996), Geotechnical Earthquake Engineering, eq. 11.21

|wall 6.50L Barrier

Active & At-Rest Earth Pressures

deg rad Unit Weight
Friction angle phi (¢)=| 36.0 0.6283 Gamma (y) = 125.0 Vertical Seismic Coeff.
Wall friction angle delta (8)=| 23.8 0.4147 Wall Height, H{ 0.0 Horizontal Seismic Coeff.
Backfill angle (0 horiz)  alpha (a)=| 26.0 0.4538
Wall inclination (90 vert)  beta (8)=| 90.0 1.5708
deg rad sin deg rad cos sin
beta + phi = 126.0 2.199 0.809 theta = 14.6 0.254 0.968 0.252
beta - delta = 66.2 1.156 0.915 i = 90-beta 0.0 0.000 1.000
phi + delta = 59.8 1.043 0.864 phi - theta - i = 21.4 0.374 0.931
phi - alpha = 10.0 0.175 0.174 delta +i + theta = 38.3 0.669 0.784
beta - delta = 66.2 1.156 0.915 phi - theta - alpha = -4.6 -0.080 -0.080
alpha + beta= | 116.0 2.025 0.899 alpha - i = 26.0 0.454 0.899
EFP (pcf) =
[Ka= [ 035 |P@bs)= | 0.00 | Active|  43.89 Kae = 1.14
[Ko = | 059 AtRest| 74.11 Pae (Ibs)= 0.00
EFPae (pcf)= 142.68
[ARae (net)=_ [ 079 | E'Quake[ 9879 |
Passive Earth Pressure
deg rad Unit Weight -
Friction angle phi (¢)=| 36.0 0.6283 Gamma (y) = 125.0
Wall friction angle delta (8)=| 11.9 0.2073
Backfill angle (0 horiz)  alpha (a)= 0.0 0.0000
Wall inclination (90 vert)  beta (8)=| 90.0 1.5708 deg rad cos sin
theta= 14.6 0.254 0.968 0.252
deg rad sin i=90-beta 0.0 0.000 1.000
beta - phi = 54.0 0.942 0.809 phi+i-theta= 50.6 0.883 0.635 0.772
beta + delta = 101.9 1.778 0.979 delta - i + theta = 26.5 0.462 0.895 0.445
phi + delta = 47.9 0.836 0.742 phi+delta= 47.9 0.836 0.671 0.742
phi + alpha = 36.0 0.628 0.588 phi+alpha-theta= 21.4 0.374 0.931 0.365
beta + delta = 101.9 1.778 0.979 delta-i+theta= 26.5 0.462 0.895 0.445
alpha + beta = 90.0 1571 1.000 alpha-i 0.0 0.000 1.000 0.000
Fs=[ 1.00 | EFP (pcf) =
[Kp = 6.05 6.05 | Passive|  756.12
|AKpe= -3.75 [Kpe= [ 230 |
Ka = sin?(8+ ¢) _ cos” (¢—6—i)
2 - 2
H + * Qi - 1 +5)*gj -0-
sin?B*sin(B- 6) *| 1+ sin(g + 9) *sin(¢ - @) c0s 6 cos?i *oos(8-+i +6) *| 1+ | SNP TA *sing-6-a)
sin(g- o) *sin(B + o) cos(d+i+6) *cos(a—i)
sin?(53- ) 2 (4
Kp = Kpe= cos” (p+i—06) .
. . sin(¢ +6) *sin(¢p+a i *gj B
sin®B*sin(B+3)*| 1- |= (¢+2) - (¢+a) cos 6* cos?i *cos(S-i +6)*|1- sm(¢+§) sin(g + o 6,.)
sin(f+o)*sin(S+ a) cos(6 —i + ) *cos(a — i)
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